




SVIC NOTES 

Dr. David Ewins presented some preliminary results of the United States State-of- 
the-Art Assessment of Mobility Measurements program at the 53rd Shock and 
Vibration Symposium and at the First International Modal Analysis Conference. 

Even though more data remain to be processed, the mobility data on hand show 
uncertainties that indicate the probable existence of problems in making consis- 
tent modal test measurements. These preliminary results raise many important 
issues, and most of these cannot be properly discussed until more data are pro- 
cessed and the final data banks have been established. 

The ability to make consistent mobility measurements Is an important issue. The 
same applies to modal test measurements since both measurements are related. 
The ability to make consistent measurements implies that different experimenters 
will make the same measurement with a low degree of uncertainty in the overall 
results, regardless of the measurement technique that is used. 

Until recently, few were concerned about the degree of uncertainty in modal 
test results. I think this is important for the following reasons. Modal test data 
are most widely used to validate the mathematical models that are used to generate 
the analytical results. Modal test data are also used to update or change mathe- 
matical models, diagnose the cause(s) of excessive structural vibration, and more 
recently, to detect structural degradation. The modal test is an important part of 
the design process, but unless the degree of uncertainty in these test results can be 
substantially reduced, it will be impossible to use them for any of the foregoing 
applications with any degree of certainty. 

R.H.V. 

/^ eo 



EDITORS RATTLE SPACE 

THE EVOLUTION OF TEST EQUIPMENT 

I recently read an article on real time spectrum analyzers in Electronic Produett* 
magazine. This excellent survey article pointed out the capabilities of the low- 
frequency analyzers now on the market. It was interesting that so few companies 
manufacture analyzers in view of the fact that so many different microprocessors 
are available. The descriptions of the capabilities of the new four- channel analyzers 
surprised me, for I had not been aware that so much new capability for data pro- 
cessing and equipment analysis has become available. Then I began to wonder how 
all this capability will be used. 

It has been my experience that very few engineers know how to effectively use even 
a two-channel analyzer. I have seen very few papers at meetings in which solutions 
to design or diagnostic problems utilized a two-channel analyzer. 

The advent of the four-channel analyzer would seem to indicate that test engineers 
and experimentalists will soon achieve a position close to finite element analysts. 
That is, they will have computing capabilities for analysis that far exceed the 
known fundamental physical knowledge of behavior of dynamic systems. They will 
be able to provide abstract analyses of systems based on input cita and physical 
understanding that is at best questionable, 

I maintain that fundamental information about the behavior of dynamic systems- 
particularly damping phenomena -■ must be obtained before the electronic tools 
of today •- even two-channel analyzers -• will be fully effective. I suggest that more 
research effort should be directed toward understanding the behavior of dynamic 
systems rather than toward developing tools and procedures based on questionable 
foundations. 

R.L.E. 

*Y»tn. W..  "Updt»! Low Fnqutnev, Hml Tim» FFT Svetrum Aimlytan," Bhetnnk 
froduca.JS. (U. Ft 7. 1883. 



FINITE DIFFERENCE METHODS IN VIBRATION ANALYSIS 

R. Ali« 

Abstract. Literature concerned with the application 
of the finite difference technique to the analysis of 
natural vibration of engineering components is 
reviewed. The review covers the period from 1978 to 
1982 and concentrates on the analysis of beams, 

plates, and shells. A brief introduction to the finite 
difference technique is included. 

a node r can be expressed as follows: 

Vr+1 " Vr-I m.- 2h 

Ayr  =   yr+1 - yM 

Analysis of many vibration problems Involves solu- 
tion of sets of ordinary or partial differential equa- 
tions. Direct solution of these equations can be 
achieved in only a few cases; generally numerical 
techniques must be used. The two most well known 
numerical techniques are the finite element method 
and the finite difference method. Both of these 
methods in conjunction with the digital computer 
have proved to be powerful techniques for the 
design and analysis of engineering structures. The 
finite difference method is particularly suitable 
for the analysis of vibration characteristics of such 
structural elements as beams, plates, plates with 
cutouts, and stiffened plates. 

This review is confined to a discussion of the finite 
difference method and its application to the analysis 
of structural components. Use of this method to 
solve a set of differential equations rwims that 
the derivatives of a function be expressed by the 
appropriate difference expression at finite intervals. 
The result is a difference equation expressing the 
differential equation for every node into which the 
system has been subdivided, thus yielding a set of 
simultaneous equations. After the appropriate and 
relevant boundary conditions have been satisfied, 
this set of equations is solved numerically to yield 
the desired parameters. 

FINITE DIFFERENCE FORMULATION 

Consider a function y = f(x) and assume a nodal 
interval h. The various difference expressions for 

The quantity Ayr is the first difference. Similarly the 
higher order differences are; 

A2yr = yr+1-2yr + yr^ 

A3yr = yr+2-2yr+1+2yM-yr.2 (1) 

A*^A = Vr+2 * 4Vr+l " 6V 4V1 + Vr-2 

These are the difference expressions for a one-dimen- 
sional field. Note that, in this development, nodes 
located symmetrically with respect to the node under 
consideration are used. The result is central difference 
expressions. It is possible to develop difference rela- 
tions using nodes in ascending order. These relations 
yield forward difference expressions; using nodes 
in a descending order results in backward difference 
expressions. 

Consider a two-dimensional field; the difference 
equations must represent functions with more than 
one variable. In this case the coordinate axes chosen 
can be cartesian, polar, or skew depending on the 
problem. For a one-dimensional problem the two- 
dimensional domain is divided into a mesh or grid. 
Difference expressions are derived for all the nodes 
in the grid by developing first the partial difference 
in one direction and then the difference of the first 
differences in the other direction. 

Consider a function Z ■ f(x,y). The central difference 
expressions for the node (i, j) can be expressed as 
follows. 
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Lnm   4hk    (Zi+1.i+1 " Z'+1.i-1 "  Zi-1,j+1 

+ Zi-1.j-1> 

and 

A4z' ^7   <zi+i,j+i- 
2Zi+i,j 

+ zi+i,j-i 

" 2Zi.J+i +4ZU- 2ZU-i + zt-i,j+i 

2ZU1  ; + Z rlj + Zi-1,j-1> (2) 

where h and k are nodal spacings in x and y directions 
respectively. Similarly difference expressions for 
three or higher dimensional space can be established. 
Development of difference expressions for all the 
nodes in a grid leads to a set of simultaneous equa- 
tions that must be solved to obtain the required 
results. 

Demands for increased accuracy in this type of 
analysis lead to conflicting requirements. A dense 
mesh improves the stability of the solution and 
reduces discretization error but leads to uneconomi- 
cal solution due to the large core requirement and 
computation time. However, the analysis can be 
improved by utilizing unequal intervals, in which 
case development of difference expressions becomes 
relatively complex. They must be derived by using 
Taylor   expansions   or   Lagrangian   interpolation. 

PLATE VIBRATIONS 

Finite difference formulation of the equations of 
motion has been extensively used for the vibration 
analysis of various forms of plates. Most authors 
have used the technique in its standard classical 
form. No significant improvements in the technique 
itself have been reported recently. Mukhopadhyay 
[1] used this method for the analysis of Isotropie, 
orthotropic, and variable thickness plates but con- 
sidered only rectangular plates. He also used this 
method to modify a lumped mass system to a para- 
bolically distributed mass system, thus producing 
an accurate and economical analysis. This work has 
been extended [2] to rectangular plates with elas- 
tically restrained edge conditions and different 
degrees of restraints. A number of tables of coeffi- 
cients for various edge flexibilities have been pre- 
pared. 

It has been pointed out [3] that erroneous results 
can be obtained when vibration characteristics of 
plates are analyzed using a one-dimensional finite 
difference formulation; a two-dimensional alternative 
approach was suggested [3]. Ganesan [4] presented 
a vibration analysis of rectangular plates subject to 
linear temperature gradients. He attempted to corre- 
late the natural frequencies of the plate with tempera- 
ture gradients. The temperature distribution pro- 
duced a marginal increase in the fundamental fre- 
quency. 

Kaldas and Dikinson [5] used the finite difference 
technique to analyze flexural vibrations of welded 
rectangular plates. The proposed method is applicable 
to rectangular plates with any boundary conditions 
and carrying any number of welds parallel to the 
edges. The effects of welding processes on the vibra- 
tion characteristics of these plates are discussed. The 
authors suggest that this approach could also be used 
to predict dynamic behavior of plates welded into 
structures or standard structural elements. 

Aksu [6, 7) published a numerical method based on 
variational principles in conjunction with the finite 
difference technique; he used the method in the 
vibration analysis of stiffened and cross-stiffened 
plates. He used unequal nodal intervals and the 
concept of interlacing grids and nodal subdomains 
in a novel formulation of the finite difference scheme 
that uses first and second order Lagrangian polynomi- 
als. He applied this method to the analysis of several 
rectangular plate systems with stiffeners in one or 
both directions. The author also investigated the 
effect of in-plane displacements and in-plane inertia 
on the natural frequencies of eccentrically stiffened 
plates. 

The axisymmetric vibrations of laminated circular 
plates have been discussed [8]. The effects of bilayer 
composition, reversal in bilayer hybrids, material 
interchange in triple layer composites, core thick- 
ness, and two and three materials on composite 
plate characteristics have been examined. The natural 
frequencies of the plates were sensitive to material 
anisotropy and plate layup. 

Free vibration analysis of circular sectc plates has 
also been investigated [9]. The dynamic behavior 
of sector plates with radial edges simply supported 
and various boundary conditions on the circumfer- 



ential edge was reported. Appropriate shape func- 

tions for this class of plate have been laid out. The 

author noted that agreement between predicted 

and measured values deteriorates if the sectorial angle 

exceeds 120°. 

CABLES, BEAMS. AND SHELLS 

A numerical simulation procedure based on finite 

difference representation has been proposed [10] 

for the prediction of the dynamic response of trans- 

mission lines subject to turbulent winds. All non- 

linear effects were included in the analysis. Both 
direct explicit and semi implicit-explicit finite differ- 

ence formulations were tried. The authors are of the 

opinion that the latter method is computationally 
more efficient. Interfacing of the simulation pro- 

cedure with the numerical procedure was described. 

Rega and Luongo [11] reported a natural vibration 

study of elastic suspended cables with flexible sup- 

ports. The influence of support flexibility on the 

dynamic behavior of the cables was examined, as 
was the importance of the two flexibilities relative 

to the dynamic behavior of the whole system. It has 

been established that cable extensibility has a greater 

influence on the dynamic characteristics of a system 
than support flexibility. A finite difference algorithm 

was used for this study; possibilities of adaptation 

of simpler mathematical models for technical appli- 
cations were explored. However, the authors warned 

that the resulting matrices could be unsymmetric 

unless the nodal interval is small. 

Finite difference formulation has been used to deter- 

mine the dynamic response of elastic-plastic beams 

subject to dynamic loads [12]. Elastic, perfectly 

plastic, and a special elastic-viscoplastic strain harden- 

ing model were subjected to suddenly applied uni- 

form pressure and concentrated impact loads. Aydin 

and Aksu [13] used this method in conjunction with 

variational principles to determine the dynamic 

characteristics of nonuniform cantilevers and stepped 

beams and shafts. 

A dynamic shell code based on a finite difference 

formulation was used [14] in an analysis of the dy- 

namic motion of circumferentially oriented through- 

cracks in steel pipes in the presence of extensive 

yielding. Crack growth velocities, under dynamic 

load, for typical pipes were studied and compared 

with brittle cracks. 

Borger [15] presented a numerical solution for the 

transient vibration of arbitrary shells of revolution 

surrounded by an acoustic medium. The equations 

of motion of the acoustic fluid together with the 

shell fluid boundary equations were expressed in the 

finite difference form; the results were claimed to be 

exact to within those approximations usually implicit 

in such formulation. Only a first few even modes 

are calculated. 

Interlacing grids have been used [16] to develop a 

general solution for the dynamic behavior of axi- 

symmetric shells of revolution subject to arbitrary 

dynamic loads. The work was undertaken to deter- 

mine the influence of shear deformation and rotary 

inertia on the solution. Three levels of shear stiff- 

nesses were examined; the first eight frequencies of 

vibration were calculated. It was shown that, for low 

level of stiffness, the behavior of the shell approached 

that of a membrane. Sheinman [17] extended this 

work by including density variation. He used central 

difference formulation and suggested that this modifi- 

cation allows the method to be used for laminated 

shells. The method can also be used for rapidly vary- 

ing and discontinuous loads and is stable for any 

time interval. 

Smith [18] used a combination of central and higher 

order finite differences to develop equations for the 

analysis of rotationally symmetric shells subject to 
time-dependent loadings and boundary conditions. 

He described a numerical procedure that permits 

the use of larger meridional and time increments for 

a given accuracy. 

A large deflection elastic-plastic dynamic buckling 

analysis of axisymmetric spherical caps with initial 

imperfections has been published [19]. The dynamic 

buckling loads were functions of geometric param- 

eters in the case of the elastic material and were 

independent of it in the elastic-plastic range. The 

effect of material nonlinearity on the dynamic 

behavior of the caps was also examined. The con- 

clusion was that plastic yielding plays a significant 

role in reducing the buckling pressure. 

-— r**" 



MECHANISMS 

Sinha and Costello [20) presented a method for 
determination of the dynamic response of helical 
springs. Two numerical methods were used for this 
study, nonlinear characteristics and finite differences. 
The former method appears to be superior in both 
accuracy and economy. The authors concluded that 
the linear theory is reasonably accurate if only axial 
strains are considered. However, there is considerable 
error if the linear theory is used for investigations 
involving rotational strains. 

Finite difference formulations in conjunction with 
the Runga-Kutta-Gill methods have been used [21] 
to analyze the dynamic behavior of a four bar chain 
with elastic links and an overhanging coupler. Effects 
of additional mass at the overhanging end of the 
coupler on the transverse vibration of the mechanism 
were described. It is shown that the characteristics 
of the overhanging coupler greatly influenced the 
dynamic behavior of the crank level mechanism. A 
suitable range of overhanging masses was identified 
for the reduction of strain due to the transverse 
vibration of the coupler. 

Kanango and Patnaik [22] published a study for the 
reduction of valve gear dynamic loads by means of 
cam displacement profile modification. The dynamic 
loads arise as a result of sudden variation of accelera- 
tion. The aim of the study was to modify cam pro- 
files through iterative adjustment of displacements 
so as to minimize acceleration of the follower during 
its cam imparted motion. 
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LITERATURE REVIEW:-•-^•r, 
Vibration literature 

The monthly Literature Review, a subjective critique and summary of the litera- 
ture, consists of two to four review articles each month, 3,000 to 4,000 words in 
length. The purpose of this section is to present a "digest" of literature over a 
period of three years. Planned by the Technical Editor, this section provides the 
DIGEST reader with up-to-date insights into current technology in more than 
150 topic areas. Review articles include technical information from articles, reports, 
and unpublished proceedings. Each article also contains a minor tutorial of the 
technical area under discussion, a survey and evaluation of the new literature, and 
recommendations. Review articles are written by experts in the shock and vibration 
field. 

This issue nf the DIGEST contains articles about dynamic applications of piezo- 
electric crystals and digital synthesis of response-design spectrum compatible 
earthquake records for dynamic analyses. 

Dr. M. Cengiz Dokmeci of Istanbul Technical University, Istanbul, Turkey, has 
written a review of current open literature pertaining to the dynamic applications 
of piezoelectric crystals. Representative theoretical and experimental papers cover 
waves and vibrations in piezoelectric one-dimensional and two-dimensional struc- 
tural elements. 

Dr. P-T.D. Spanos of University of Texas at Austin, Texas, has written a paper 
on methods of digital synthesis (simulation) of earthquake records that are com- 
patible with a target (specified) response-design spectrum. The usefulness of a 
target spectrum-based approach to the design of earthquake resistant structures is 
addressed. 



DYNAMIC APPLICATIONS OF PIEZOELECTRIC CRYSTALS 
PART I: FUNDAMENTALS 

M.C. Dökimci* 

Abstract. Thlt pap» prestnts a nviaw of currant 
opan literature pertaining to the dynamic applications 
of piezoelectric crystals. Representative theoretical 
and experimental papers cover waves and vibrations 
in piezoelectric one-dimensional and two-dimensional 
structural elements. New trends of research are 
pointed out for future applications of piezoelectric 
crystals. 

Piezoelectricity, an interdependence of mechanical 
and electrical properties in certain types of materials, 
is an exciting new field of applied physics and engi- 
neering. This interdisciplinary field has applications 
in both civil and military industry. The present 
paper is designed to present an introduction and 
guide and to stimulate further strides in the field. 

INTRODUCTION 

Classically, piezoelectricity is electric polarization 
produced by mechanical strain in certam crystals, 
the polarization being proportional to the strain 
and changing sign with it [1], Piezoelectricity is a 
reversible, inherently anisotropic, electromechanical 
phenomenon that was first observed in crystals by 
the brothers Pierre and Jacques Curie in 1880 [2]. 
In a piezoelectric crystal, application of mechanical 
stresses or strains generates electric polarization and 
hence an electric field; this is referred to as the 
direct piezoelectric effect.. Conversely, application 
of voltage produces a mechanical distortion of the 
crystal; this is called the converse, or reciprocal, 
piezoelectric effect. The converse piezoelectric 
effect is a thermodynamic consequence of the direct 
piezoelectric effect, as predicted theoretically by 
Lippmann [1]. The relations between piezoelectric- 
ity and crystals were established by the brothers 
Curie and then rigorously determined by Voigt [3]. 

Other treatises [1,4-7] present the development and 
applications of piezoelectricity. 

Piezoelectricity has generally been observed in 
anisotropic crystals that lack a center of symmetry 
[8, 9] and in certain noncrystalline materials as 
well (10, 11). An examination of the symmetry 
group of the 32 crystal classes reveals that, with the 
exception of one class - namely, the cubic class 
432 - the 20 classes having no center of symmetry 
exhibit piezoelectricity; that is, centrosymmetric 
crystals cannot be piezoelectric. Prominent among 
the asymmetrical crystals that possess high piezo- 
electric coupling are quartz (the trigonal class 32), 
Rochelle salt (the rhombic class 222), and ammonium 
phosphate (the tetragonal class 42m). Noncrystalline 
materials and liquid crystals [12], which are visco- 
elastic fluids with crystal-like behavior, can display 
piezoelectricity; this phenomenon has been substan- 
tiated and experimentally demonstrated [12-17]. 
Of noncrystalline materials rubber, paraffin, and 
glass [1]; the piezoelectric textures such as wood 
[13] and bone [14]; and polymers [15] and ceram- 
ics [16-18] possess piezoelectric properties. 

Such polymers as polyvinylidenefluoride (PVDF) 
[19] comprise an important subclass of piezoelectrics 
called ferroelectrics. Ferroelectrics exhibit strong 
piezoelectricity; spontaneous polarization as well 
as induced polarization are caused by an applied 
electric field [20, 21]. In addition to polymers such 
piezoelectric ceramics, or piezoceramics, as barium 
titanate and lead titanate zirconate compositions 
show ferroelectric behavior. Piezoceramics are made 
of anisotropic crystalline powders by pressing and 
sintering; analogous to the magnetizing of magnets, 
these polycrystalline materials are prepolarized by 
a strong electric field. Such synthetic piezoelectric 
materials are reliable and uniform, have high electric 
and mechanical strength, and are potentially low in 
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cost. The properties of various piezoelectric materials, 
including elastic and piezoelectric coefficients, are 
available (22-281. 

Historically, from the discovery of piezoelectricity 
until the end of World War I, the piezoelectric trans- 
ducer suggested by Paul Langevin in 1917 was the 
sole technical application of piezoelectricity [1]. 
Piezoelectric devices were slowly developed up to 
the advent of World War II. During and following the 
war piezoelectric effects were extensK/ely utilized 
in hydroaooustics, electroacoustics, and electrooptics 
devices. The past two decades have witnessed a rapid 
increase in the use of piezoelectric effects, especially 
in weapons systems and space devices. Synthetic 
piezoelectric materials allow a wide variety of advan- 
tageous geometries, both plane and curved, to be 
molded and polarized in various directions. These 
materials have been used as transducers, filters, os- 
cillators, and transmitters. Most of the piezoelectric 
elements currently used in da/ices are in the shape 
of plates, disks, thin films, shells, and laminae, both 
uncoated and coated. In connection with the design 
and construction of piezoelectric devices several 
works are useful [ 1,4,6,29-32]. 

With the exception of a few papers dealing with 
bending and fracture [33-37] all of the investigations 
concerning piezoelectric crystals have been devoted 
to dynamic applications. In this article a review of 
the literature pertaining to the fundamental equations 
of piezoelectricity and their variational formulations 
is followed by a review of representative papers 
involving waves and vibrations in piezoelectric crys- 
tals in order to illustrate the present status of research 
in piezoelectricity. Lastly, need of further research 
is pointed out for dynamic as well as static applica- 
tions of piezoelectric crystals 

FUNDAMENTAL EQUATIONS 

The motion of an elastic continuum interacting with 
thermal, electric, or magnetic fields is governed by 
the fundamental equations of electro-magneto- 
thermoelasticity [38-42]. The fundamental equations 
consist of the following: field equations that have 
been established on the basis of mechanical and 
electrical   balance  laws,  constitutive relationships 

that appropriately express the peculiarities of the 
continuum; and boundary, initial, and jump condi- 
tion! The equations can be equivalently and inter- 
dependently expressed either in global form through 
integral expressbns, in local or differential form by 
assuming suitable differentiability conditions, or in 
variational form by stationarity of pertinent func- 
tional! The global form, though essential and general 
due to its physical nature, is inappropriate; hence 
one of the other forms, particularly the variational 
form, is desirable in most applications. One branch 
of electro-magneto-thermoelasticity is piezoelectric- 
ity; it is a quasi-linear, polarizable but not magnetiz- 
able field. 

In piezoelectricity, the elastic field is considered 
dynamic, but the electric field is taken to be static 
with respect to electromagnetic propagation phe- 
nomena. The quasi-static approximation provides an 
extremely accurate representation for piezoelectricity 
when electromagnetic waves essentially uncouple 
from elastic waves, and wavelengths close to those 
of elastic waves much smaller than electromagnetic 
waves (the ratio being 10* - 105) at the some fre- 
quency are considered. The approximation was 
justified by Tiersten [43]. 

In accordance with the quasi-static approximation, 
the fundamental equations of piezoelectricity can 
readily be obtained from those of electro-magneto- 
thermoelasticity for the case of nonconductors at 
frequencies far below optical frequencies in which 
electric charge density, conduction current, and 
rate of charge of magnetic induction can be set 
equal to zero. The fundamental equations of piezo- 
electricity ware first presented by Voigt [3] and 
then others [1, 29, 4448], who accounted for 
nonlinear effects that had been experimentally ob- 
served [49]. The uniqueness of the fundamental 
equations of linear piezoelectricity and thermo- 
piezoelectricity have been examined [45, 50]; con- 
ditions sufficient for uniqueness were enumerated 
by means of the classical energy argument. Nowacki 
[51] has also studied uniqueness, and Lothe and 
Barnett [52] have commented on the existence of 
piezoelectric surface waves. 

\Nmn propagitton tquathnt The wave propagation 
equations of thermopiezoelectricity can be expressed 
in differential form as 
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These equations have been deduced from fundamen- 

tal linear equations by successive substitution of 

five field quantities, namely, u^ the mechanical 

displacement, 6 the small temperature change, and 

0 the electric potential. 

In the equations Einstein's summation convention 

is implied for all repeated indices. Also, t denotes 

time, p is mass density, x^ stands for space coordi- 

nates, Cji^i are the elastic constants, ekj; are the 
piezoelectric strain constants, XJ; are the thermal 

stress constants, ej^ is the dielectric permittivity, 

Kjj are the heat conduction coefficients, and pj are 

the pyroelectric constants. The material constant 

a is equal to pCp&0~1, Cp is the specific heat under 

constant volume and 0O the reference temperature 

for 6 (ö<©0). Of the material constants, Cji^i refer 

to free constants because they describe stress-strain 

relations in the absence of electric and thermal 

fields; the rest of the coefficients refer to clamped 

constants [9]. 

The above set of wave propagation equations should 

be solved for each case of interest under suitable 

boundary and initial conditions, as well as jump 

conditions. Further, the wave equations of thermo- 

piez jelectricity reduce to the classical wave equations 

in the case of vanishing electric and thermal fields. 

Variational principles, lo reproduce the fundamental 
equations variational principk'S have been formulated 

that allow the establishment of approximate theories 

of piezoelectricity as well as approximate direct solu- 

tions. The variational principles of piezoelectricity 

have been primarily derived by use of Hamilton's 

principle, as has been illustrated by Mindlin (53), 

and also through the principle of virtual work and the 

method of convolution. 

Analogous to Mindlin's first variational principle 

there have been proposals for variational principles in 

piezoelectricity, they have been elaborated and 

unified by Tiersten in his notable monograph [45]. 

Another elegant variational principle has been con- 

structed that can be used to estimate posteriorly 

the errors of direct solutions (54], The variational 

principles for thermopiezoelectricity have been 

derived [50, 51, 55, 56]. The variational principles, 

with the exception of a few [55-57], may generate 

only some of the fundamental equations of piezo- 

elftricity, the remaining equations are contained 

as constraints. However, variational principles with 

no constraints or as few constraints as possible are 

desirable in most applications, this point has been 

thoroughly studied [58], 

Dökmeci [56] applied Tiersten's method of deriva- 

tion (58) and proposed a quasi-type, unconstrained 

variational principle for a thermopiezoelectric region 

with a surface of discontinuity. He considered the 

nonlinear constitutive relations as well as all the 

initial and jump renditions. A variational principle 

for fracture of piezoelectric continua has been 

derived (35, 59]. Extension of the theorem of 

classical elasticity [60] has allowed derivation of 

a reciprocal theorem for piezoelectricity [61] and 

for thermopiezoelectricity [51, 62]. A recent bound- 

ary element formulation has been made for linear 

piezoelectric problems [63]. 
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DIGITAL SYNTHESIS OF RESPONSE-DESIGN SPECTRUM 
COMPATIBLE EARTHQUAKE RECORDS FOR DYNAMIC ANALYSES 

P-T.D. Spanoi* 

1 

Abstract. Methods of digital synthesis (simulation) 
of earthquake records that are compatible with a 
target (specified) response-design spectrum are 
reviewed. The target spectrum can be specified either 
deterministically or stochastically. Some aspects of 
this problem that could receive additional attention 
are presented. The usefulness of a target spectrum- 
baaed approach to the design of earthquake resistant 
structures is addressed. 

The idea of characterizing earthquake records by 
using the concepts of response and design spectra 
has proved fruitful for about half a century. Some 
early discussions are available [14]. Furthermore, 
many books on earthquake engineering discuss these 
important concepts [5-10]. It has thus become 
routine to generate the response spectrum of a given 
earthquake record. In many practical cases, however, 
it is desirable to pose the inverse problem and to 
synthesize (simulate) earthquake records that are 
compatible with a target (specified) spectrum. The 
answer to this problem is not readily obtainable. 

In this article concepts of spectral characterization 
of earthquake motions are first reviewed. Methods of 
generating spectrum compatible records are then 
discussed. A special effort has been made to cover 
the subject adequately while quoting only sources 
that are reasonably accessible to interested readers. 

BACKGROUND 

The most direct characterization of earthquake 
motion in the time domain is provided by accelero- 
grams An accelerogram is a time record of ground 
acceleration during an earthquake; it is commonly 
obtained by using instruments called strong-motion 
accelerographs.   The   accelerograph   records   three 

orthogonal components of ground acceleration at 
a certain loation. 

An extensive collection of historic accelerograms and 
corresponding velocity and displacement records 
has been compiled [11]. A typical example is given 
in Figure 1. Information can be obtained from an 
accelerogram about duration, frequency content, 
and maximum acceleration of ground shaking during 
any earthquake under consideration. The strength 
of the ground shaking is characterized on an absolute 
basis. However, no direct assessment is provided of 
severity for a particular structure exposed to dynamic 
loads due to the earthquake. 

M|wy^^H^ 

Figure 1. Imperial Valley Earthquake, May 18,1940, 
El Centre Site, Component SOOE 
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The severity of ground shaking alto depends on the 
degree of both resistance to deformation and energy 
dissipation of the structure. For example, for single- 
degree-of-freedom linear structures with the same 
ratio of critical damping, the severity of ground 
shaking increases as the natural frequency of a 
structure approaches Its dominant frequencies. There* 
fore, a quantitative description of the relative siyiiif i- 
canoe of various frequencies that appear in an accel- 
erogram is important. This description Is furnished 
by the Fourier spectrum of an accelerogram [5, 6]. 
The Fourier spectrum of a given accelerogram of 
ground motion ag(t) of duration s Is defined by the 
equation 

FM-;' ag(t)e-iwtdt;i--Nri (1) 

The Fourier amplitude spectrum is given by the 
equation 

FAM-|FM| (2) 

The symbol j j denotes complex modulus. 

RESPONSE SPECTRUM 

The Fourier spectrum does not directly provide 
information on the severity of ground shaking with 
regard to the energy dissipation capacity of a seit- 
mically loaded structure. Such information is pro- 
vided by the response spectrum corresponding to 
a particular accelerogram [5-10]. A response spec- 
trum is associated with the dynamic behavior of a 
quiescent single-degree-of-freedom structure resting 
on a base which Is suddenly exposed to the accelera- 
tion history specified by the accelerogram under con- 
sideration; see Figure 2. The response spectrum pro- 
vides the maximum values attained by such struc- 
tural response parameters as displacement, velocity, 
or acceleration because of base shaking. The maxima 
are shown in plots versus natural frequency or period 
of the structure; each plot is identified by the ratio 
of critical damping f of the structure. 

Mathematically, the concept of the response spec- 
trum can be introduced by the following equation of 
motion of the linear structure 

■(l) 
■ • Mil 

C  • 4M(<<lf COMtHt 

k • iprlitf ceniunt 
» • rtUtUt mUw 

Figure 2. A Single-Degree-of-Fraedom Structure 
to Earthquake Excitation 

The relative displacement, velocity, and acceleration 
response spectra are defined by the following equa- 
tions 

Displacement Response Spectrum = Scj(ci),f) 
- Max |x(t)| 

Velocity Response Spectrum B Sylw,?) 
«Max|x(t)| 

Acceleration Response Spectrum = Sa(u),f) 
•Max|x(t)| 

(4) 

(5) 

(6) 

Note that, if r(t) represents any of the responses 
appearing in equations (4) through (6), it can be 
determined by using the equation 

rlt) - - /* ag|T)h|t-T)dT (7) 

x + 2f«x + «,x"- aglt) 13) 

in which hit) denotes the impulse response function 
of the structure for any particular response consid- 
ered. Commonly used response spectra are concerned 
with relative displacement, relative velocity, and abso- 
lute acceleration. 

In fact, because of the small ratio of critical damping 
in the linear range of most engineering structures - 
approximately < 3% for buildings and < 5% for 
soils - relative velocity and absolute acceleration 
response spectra are approximated by the pseudo- 
velocity spectrum uS^oit) and the pseudo-accelera- 
tion spectrum w1SCj(w,f). Typically, the logarithms 
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of pseudo-velocity spectral ordlnates are plotted 
against the logarithms of the natural period or fre- 
quency of the structure. Also included are ascending 
and descending lines at 135° and 45° angles: the 
frequency axis corresponds to the logarithms of the 
displacement and pseudo-acceleration spectral ordi- 
nates. Thus, a combined tripartite logarithmic plot 
is generated. A typical example of such a plot is 
shown in Figure 3, which is based on the accelero- 
gram shown in Figure 1. An extensive collection of 
response spectra of historic accelerograms is available 

1121. 

If the natural frequency u and the ratio of critical 
damping f of a linear structure are known, the 
maximum value of a parameter of its response to 
base seismic excitation - maximum base shear for 
example -- can be conveniently computed from the 
corresponding response spectrum. The significance 
of this convenience is enhanced by the fact that a 
large class of multi-degree-of-freedom structures are 
amenable to modal analysis. The structural response 
to a dynamic load such as earthquake excitation can 
thus be deti. mined by combining appropriately the 
seismic responses of a set of single-degree-of-freedom 

04    Ot M   I 4        *    •   10 » 
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Figure 3. Response Spectrum; Imperial Valley Earthquake, May 18,1940, 
El Centra Site, Component SOOE; f = 0, .02, 0.5, 0.10, and 0.20 
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oscillators. The natural frequencies and the ratios 
of critical damping of these oscillators depend on 

the mass, stiffness, and damping matrices of tho 

original multi-degree-of-freedom structure. 

DESIGN SPECTRUM 

The response spectrum corresponding to a particular 

accelerogram exhibits considerable local irregularities 

in the frequency domain. However, spectra corre- 

sponding to an ensemble of accelerograms produced 
by ground shakings of sites with similar geological 

and seismological characteristics are smooth functions 

of time and exhibit statistical trends that characterize 

them collectively. For example, the band of domi- 

nant-significant frequencies of accelerograms is 

identifiable on a statistical basis. Thus, if an approach 

based on the concept of response spectrum is adopted 

for aseismic design of structures, it is logical to seek 
a representation of recorded and expected strong 

ground shaking at a certain location by using a 

smooth spectrum. This spectrum is on the one hand 

insensitive to the chaotic details of any particular 

response spectrum; on the other hano, it reflects the 

repetitive characteristics of the ensemble of response 

spectra. This idea has led to the development of the 
concept of a design spectrum. A typical example of 

a design spectrum is given in Figure 4 [10]. 

Development or selection of a proper design spectrum 

for a given erection site of a structure is not an easy 

task. It involves the incorporation of historical data, 

available and extrapolated theoretical results, and 

engineering judgement. Discussions of background 
information useful in determining expected ground 

shaking of given erection sites are available [13-14]. 

A design spectrum can be specified on either a 

deterministic or a stochastic (probabilistic) basis 

[15-23]. Related to the concept of the design spec- 

trum is the concept of a critical design spectrum 

[24-28]. A deterministic design spectrum is devel- 

oped by using smoothing procedures to eliminate 

insignificant local abrupt changes in the response 

spectra of individual recorded accelerograms, and 

known and extrapolated theoretical results. 

A stochastic design spectrum is associated with 

the  interpretation  of  any  recorded or expected 

001       00>     00*00*   01        01       04   OOOOl 

Period (sec) 

Figure 4. Example of a Combined Design Spectrum 

ground shaking record at a given location as an 

individual realization, or sample function, of a time 
series. A stochastic design spectrum can then be 

generated by specifying, with a selected confidence 

level, the expected maximum response of a single- 
degree-of-freedom linear structure as a function of 

its natural frequency and ratio of critical damping. 
However, for this purpose it is necessary to know the 

probability distribution of the maximum of the 

structural response; this problem is equivalent to the 

first-passage problem of the theory of random vibra- 

tions [29] for which only approximate analytical 

solutions exist. Therefore, a stochastic spectrum is 

often constructed numerically, and only its mean 

value and standard deviation are specified. 

A critical design spectrum is associated with the idea 

of determining an excitation among a certain group 

of excitations that will induce the largest peak value 

of any parameter of interest in the structural re- 

sponse. The class of admissible excitations and the 

measure of the response parameter of interest can be 

specified either deterministically or  stochastically. 
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For example, a class of admissible excitations can be 
defined as containing all accelerograms ag(t) for 
which 

or 

/D ag'ltldt^E,1 

1° <ag1(t)>dt<E2
J 

(8) 

(9) 

The symbols Ei and Ej denote constants, D is an 
accelerogram duration parameter, and thu symbol 
<•> represents the operator of mathematical expec- 
tation. 

ALGORITHMS OF DIGITAL SYNTHESIS 

The usefulness of spectral characterizations of ex- 
pected strong ground shaking at erection sites of 
presumably linearly responding structures is undis- 
putable and has resulted in the accumulation of 
such characterizations. Consequently, spectral charac- 
terizations of seismic loads have been recommended 
or adopted for dynamic analyses of even nonlinear 
structures. Their nonlinear behavior is usually due to 
geometrical and material factors. Typical examples 
of nonlinear structures are nuclear power plants 
and offshore platforms. 

Nonlinear seismic dynamic analyses of structures 
rely almost exclusively on digital computers to 
integrate the corresponding equations of motion. 
It, therefore, becomes necessary to develop an algo- 
rithm that synthesizes accelerograms compatible 
with target design spectra. The development of these 
algorithms can be accomplished by following either 
a deterministic or a stochastic approach. 

Dtttrmin/stic approach. An early deterministic 
approach has been presented in corinection with 
procedures of aseismic design of nuclear power 
plants [30]. The synthesis procedure, described 
only qualitatively, starts with an accelerogram of 
an actual earthquake the response spectrum of 
which resembles the target response spectrum. This 
accelerogram is scaled so that the maximum of 
its response spectrum matches the maximum of 
the target response spectrum. Matching between the 
two spectra is enhanced by changing the digitization 
interval, using analog filtering techniques, and manip- 

ulating algebraically more than one synthesized 
record. 

A basically similar approach but one that is more 
quantitative has also been used [31], An existing 
accelerogram with a response spectrum matching the 
target spectrum in many respects is first utilized. 
This spectrum is modified by using a two-degree-of- 
freedom mechanical filter to suppress undesirable 
frequencies. The level of the spectrum is raised 
locally by superimposing on the selected accelero- 
gram harmonic components of appropriate ampli- 
tude, central frequency, and phase. 

Existing accelerograms have also been used to Initiate 
the synthesis procedure when existing earthquake 
records are represented in the frequency domain by 
using the corresponding Fourier transforms [321. 
The basic reason for this approach is that the ampli- 
tude Fourier spectrum shown in equation (2) and 
the velocity response spectrum for zero ratio of 
critical damping f of any accelerogram are in a 
close agreement [4]. Conceivably, a similarity be- 
tween these two spectra can exist even for f # 0. 

Thus, an existing earthquake record is selected and 
its amplitude Fourier spectrum and response spec- 
trum are computed. Next, the response spectrum is 
compared against the target spectrum; the difference 
is used to modify the amplitude Fourier spectrum. 
The modification involves either scaling by a func- 
tion of frequency or adding a function of frequency. 
This method Is iterative and can accommodate 
simultaneously the additional constraint that the 
peak acceleration of the synthesized time history 
has a pre-assigned value. 

The synthetic record has been represented as the 
product of a modulating envelope and a sum of 
harmonic functions (33). The following equation 
was used 

ag|t). m(t) 
N 
2 

1-1 
Ajsinlwit) (10) 

The frequencies u\ of the harmonic functions were 
selected so that they had overlapping half-power 
points for the ratio of critical damping of the target 
spectrum. The number N of these frequencies chosen 
was based on the band of frequencies over which 
the target spectrum had appreciable values. The 
modulating envelope m(t) was selected by using the 
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time variation of the strength of actual earthquakes 
such as the 1940 El Centro earthquake. The ampli- 
tudes Aj of the harmonic functions were initially 
estimated by using the values of the target spectrum 
corresponding to the frequencies Wj. The values 
of Aj were subsequently scaled by the ratio of the 
target to the synthesized spectrum which correspond- 
ed to wt. 

Two other aspects of accelerogram synthesis were 
considered (33]. One deals with the question of 
existence of a time record that is compatible with 
any arbitrary response spectrum; in fact, one spec- 
trum does not have a compatible time history. The 
other aspect has to do with the simultaneous simu- 
lation of two uncorrelated time records. 

It has been proposed that a simple sinusoid with 
variable frequency, a sine sweep earthquake, be 
used to synthesize a very short accelerogram with 
a response spectrum matching a target spectrum 
corresponding to a much longer actual earthquake 
(34). The specific form of the synthesized accelero- 
gram is given by the equation 

ag(t) = A(w)sin(Ö(t)] (ID 

A(«) is a function of frequency, and 0(t) is a non- 
linear function of time. 

This approach has been exemplified by simulating a 
sine sweep accelerogram that is compatible with the 
response spectrum of a specific record of the 1940 
El Centro earthquake. For this particular problem 
0(t) was taken equal to an odd cubic function of 
time. The amplitude AM was defined piecewise 
and involved a linear function for small frequencies, 
a constant for intermediate frequencies, and the cubic 
power of the square root of w for high frequencies. 

Interestingly, the sine sweep earthquake of duration 
of three seconds yielded a response spectrum that 
compares quite well with the response spectrum of 
the recorded El Centro accelerogram, which lasts 
approximately thirty seconds. Conceivably, the 
capability of the sine sweep accelerogram to quickly 
induce large responses on structural systems, could 
be of considerable value in reducing the necessary 
computation cost of time domain analyses of major 
structures. Useful discussions pertaining to these 
techniques and to the stochastic techniques dis- 
cussed in the next section are available (35]. 

Stochtitic approach. An alternative to the determin- 
istic approach to synthesizing spectrum compatible 
accelerograms is the stochastic approach. In this 
approach attention is given to two different but 
related problems. The first problem has to do with 
the synthesis of a record that is a realization of a 
stochastic process and is compatible with a given 
deterministic response spectrum. The second problem 
pertains to the synthesis of a stochastic process with 
a    probabilistically   specified   response   spectrum. 

As far as the first problem is concerned, a method 
has been presented (36) to synthesize an earthquake 
record as a time-modulated sum of harmonic func- 
tions with random phases uniformly distributed in 
the interval (0, 2ir). The duration DQ of the accelero- 
gram was preselected, and the acceleration at a time 
t was computed from equation (12). 

ag(t) 
N 

m(t)   2   AJCOS 
i=1 

/ 2jrit \ 
(12) 

The symbol m(t) signifies a deterministic modulating 
envelope of the form (37) 

ev ° 
m(t) = 

<t<t1 

1 ; t, <t<t2 

exp(-a(t-tj)) ; tj <t<Dc 

(13) 

where tj, tj, and a are preselected parameters. The 
form of the modulating envelope given by equation 
(1C reflects three phases of the strength of strong 
ground shaking. The strength of the ground motion 
increases rapidly between zero and ti, remains 
constant between ti and tj, and decreases expo- 
nentially after tj. This model has been used exten- 
sively in the literature in connection with stochastic 
modeling of earthquakes. 

The symbol (p in equation (12) signifies a random 
phase uniformly distributed in the interval [0, 2jr). 
For the purpose of generating 0j several available 
algorithms can be used. A typical example has been 
published (38). Values from the target spectrum 
corresponding to zero damping were selected as 
initial estimates of the amplitudes Aj of the har- 
monic functions.  Final values of the amplitudes 

.   .. ~ "., ~ j.rT^: 



were selected through an iterative procedure that 
Involved scaling Aj by the ratio of the target over 
the synthesized spectrum at w - Wj. A similar ap- 
proach that does not involve use of the modulating 
envelope m(t) has been presented [39]. 

Another approach involves a combination of time 
domain and frequency domain techniques (40). 
Attention was also given to the problem of synthe- 
sizing an accelerogram that is simultaneously com- 
patible with a design spectrum and a peak accelera- 
tion value. In a similar approach [41] the accelero- 
gram was represented again as the product of a 
modulating envelope and a sum of harmonic func- 
tions with random phases. The modulating envelope 
was of the form [42] 

m(t)-e-^-e-')'t;0<U<7 (14) 

This envelope has been extensively used in connec- 
tion with stochastic modeling of earthquakes. The 
amplitudes and random phases of the harmonic 
components are determined through an iterative 
procedure and by relying on a relationship which 
assures that the spectrum of the synthesized record 
is an upper bound of the target spectrum. The prob- 
lem of synthesizing an accelerogram that is simul- 
taneously compatible with target spectra correspond- 
ing to two different damping ratios was also ad- 
dressed. 

freedom structure to a random excitation can be 
used. Approximate solutions for determining the 
probability distribution of the maximum of the ran- 
dom structural response over a certain duration of 
excitation are employed. These solutions pertain 
either to first-passage problems [23, 43-46] or to 
the maximum of a statistical moment of a struc- 
tural response parameter [47-49]. Advantage is 
often taken of the fact that design spectra are usu- 
ally specified for lightly damped (f«1) structures. 

These approaches can be used to determine the 
power spectral density of a stochastic process for 
which the average of the response spectra correspond- 
ing to its realizations matches the target spectrum. 
A more general criterion can also be satisfied such 
that a preselected fraction of the realizations of the 
stochastic process yield response spectra that exceed 
the target spectrum at all frequencies of interest. In 
fact, some researchers prefer to use this approach 
to select an initial approximation of an accelerogram 
that matches a deterministic target spectrum. For 
example, the power spectral density of the stochastic 
process can be determined so that the median of the 
corresponding population of response spectra approx- 
imates the target spectrum. A single accelerogram can 
be synthesized that is compatible with the deter- 
mined power spectral density and then modified so 
that its response spectrum matches the target spec- 
trum. 

As far as the second problem is concerned, reported 
solution techniques seek to determine the power 
spectral density of a stochastic process that is com- 
patible, in a certain probabilistic sense, with a target 
response spectrum. The power spectral density of a 
stochastic process shows, on a statistical basis, the 
distribution of power versus frequency; it reflects 
the band of frequencies that appreciably contribute 
to the power of the process and quantifies their 
relative importance [29]. For example, the mean 
square value of a stochastic model of accelerograms 
ag(t) is given by the equation 

<ag2(t)>-£- Sgl^tld«; 

Soft) is the power spectral density of ag(t). 

(15) 

For the purpose of deducing the power spectral 
density from a target spectrum, exact and approxi- 
mate solutions for the response of a single-degree-of- 

Insofar as the synthesis of an accelerogram that is 
compatible with a specified two-sided power spectral 
density Sg(w,t) is concerned, the most direct ap- 
proach is based on the equation 

i       „^^^ 
aa(t)-  I  2VS(uj,t)&ü costwit+A); 

U        i-1 (16) 
A       wu 

8 

where 8 is an integer, uu is the upper limit of the 
frequency band of interest, and 0j are random phases 
uniformly distributed in the interval [0,2n]. Other 
equivalent versions of equation (16) can also be used. 

CONCLUDING REMARKS 

Methods that can be used for synthesizing time 
records compatible with specified response-design 
spectra have been reviewed. The two basic approaches 
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to this problem are deterministic and stochastic. The 
deterministic approach is based on a reel or artificial 
record the spectrum of which is, in some quantita- 
tive sense, a close approximation of the target spec- 
trum. This record is subsequently modified using 
spectral raising or suppressing techniques. The sto- 
chastic approach is based on determining the power 
spectral density of a process, a realization of which 
can be a good first approximation of the record 
sought in a deterministic formulation of the problem. 
The stochastic approach can also be used for the case 
in which a deterministic target spectrum is not 
specified; rather, a process is sought a predetermined 
fraction of records of which yield response spectra 
that exceed a given design spectrum. 

This reviewer would like to call attention to two 
related points of the problem of synthesis of target 
response-design spectrum compatible records. First, 
it seems that this problem has not been addressed 
on a mathematically rigorous basis. Apart from one 
notable exception [33] little concern has been ex- 
pressed about the existence and uniqueness, in any 
reasonable sense, of a time history record that is 
compatible with an arbitrary single target spectrum 
or simultaneously compatible with arbitrary target 
spectra corresponding to more than one ratio of 
critical damping. Second, the practicality of con- 
tinuing to specify seismic inputs in dynamic analyses 
of structural systems by a design spectrum is ques- 
tioned. The concept of design spectrum has been 
introduced for the purpose of conducting conve- 
niently linear dynamic seismic analyses of structures. 
In a sense the analyst or the code developer that 
specifies a certain design spectrum has carried out in 
advance some of the computations that a practitioner 
would have to perform. This is an intelligent ap- 
proach to a linear problem. 

However, for the nonlinear seismic analyses of 
modern structures that have become feasible with 
digital computers -- indeed almost mandatory due to 
cost and safety considerations - the concept of a 
design spectrum does not offer any advantage. Thus, 
a more rational and reasonably convenient procedure 
for specifying expected seismic loads should be 
adopted, a procedure that is applicable for both 
lineer and nonlinear analyses. Either the time-history 
record of the acceleration or the corresponding 
Fourier spectrum could be used. 

Alternatively, on a stochastic basis the power spectral 
density of the ground shaking could be specified. This 
approach has considerable appeal when two facts 
are taken into consideration. First, records compat- 
ible with a specified power spectral density can be 
readily synthesized. Second, reliable estimates of the 
statistics of elastic and inelastic nonlinear random 
seismic responses of multi-degree-of-freedom struc- 
tures can be efficiently computed by using the 
technique of stochastic linearization [50]. 
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BOOK REVIEWS 

IMPACT DYNAMICS 

J. Zukas, T. Nicholas, H.F. Swift, L.B. Greauk, 

and D.R. Curran 

John Wiley and Sons, Inc., New York, NY 
1982,480 pp, $47.50 

This book grew out of a short course on the subject 

of impact dynamics initiated by the authors in 1979. 

The book is divided into 11 chapters. Contributors 
include the five authors participating in the lecture 

program; two of them contributed more than 75 

percent of the text, which is directed toward the 

practicing engineer. Both experimental and analyti- 

cal approaches are emphasized. A chapter by chapter 
summary of the material is given below. 

Chapter 1 presents an overview of one-dimensional 

stress waves in solids. A range of loading intensities 

that can be classified in terms of specific response 

regimes is considered. The regimes are the purely 

elastic, the plastic involving large deformations, and 

the hydrodynamic. The first and third regimes are 

discussed in Chapter 1; discussion of the second 

regime is deferred to Chapter 4. 

The focus of Chapter 2 is the limitations of the 

elementary analytical approach. Examples include 

the differences between liquid-solid impacts, fracture 

with stress waves, and the dynamic plastic buckling 

of long bars. The material is highly selective but 

well covered. 

Chapter 3 examines damage in composites at low 

velocity impacts. It does not address the composite 
Impact problem jn broad terms but focuses on a 

narrower problem of interest to the author. This is 
unfortunate due to the technological importance of 
the problem area. For example, no definition of the 

scope of the foreign-object damage problem is dis- 
cussed nor is any reference made to the number of 

joint industry/service/institutional meetings that have 

addressed this matter. 

Chapter 4 deals with the second dynamic response 

regime, namely the elastic-plastic area. Analytical 

and and experimental methods are discussed for 

both rate-independent and rate-dependent theories. 

The chapter focuses on uniaxial stress wave propaga- 

tion in long bars and rods. The method of charac- 

teristics is used as a mathematical tool in solving the 

governing equations. Difficulties can arise in mea- 

suring dynamic properties from uniaxial stress wave 

propagation in bars and rods; thus, analytical and 

experimental methods involving elastic-plastic waves 
of uniaxial strain using impacted flat plate specimens 

are developed. The theories are compared, and 

the effects of stress waves in other geometries such 

as strings and beams are discussed. 

Chapter 5 presents a descriptive overview of penetra- 
tion and perforation problems for impacting solids. 

A description of the problem, a classification of 
impact response, and discussion of physical phenom- 

ena involved during the penetration/perforation 

process are adequately documented. Thin, inter- 

mediate, and semi-infinite thickness targets are 
covered. Appendices address parameters associated 

with the ballistic limit and impactor stability. 

Chapter 6 discusses the subject of hypervelocity 

impact mechanics; the problem is classified by target 

thickness. Because hypervelocity impacts produce 
shock waves in both the impactor and target mate- 

rials, each medium can be considered to deform 

according to the laws of fluid mechanics. The first 

part of the chapter addresses the impact issue from 

a scaling/parameterization point of view; penetra- 
tion/depth ratios are presented. The last part of the 

chapter examines the equipment needed to generate 

hypervelocity launches, including multi-staged gas 

guns, explosive projectors, and electrical accelerators. 

Chapter 7 examines camera type devices for studying 

dynamic loading events associated with impact and 

blast loads. Design requirements as well as camera 
types are reviewed. Single-frame cameras including 
conventional, spark shadowgraph, and flash radio- 

graph as well as other special techniques are de- 
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scribed. Among the high-speed motion cameras 
discussed are the rotating prism, rotating mirror- 
drum, spark, and electronic tube type. Smear and 
streak type cameras are included tor completeness. 

Chapter 8 examines dynamic effects over a regime 
in which wave propagation effects can be considered 
either in a simplistic manner or ignored. Thus, this 
chapter examines situations in which stress and strain 
averaging are considered important. The split Hopkln- 
son pressure bar is an accepted experimental tool 
for determining high strain rate material effects. 
Methods of pressure bar testing at high strain rates 
in compression, tension, and shear are discussed as 
are modified tests that extend strain rate performance 
limits beyond usually accepted bounds. Examples 
include direct impact versions of the pressure bar/ 
specimen interaction and the use of such modified 
specimens as notched types. Other experimental 
techniques for quantifying particular dynamic prop- 
erties data, including Taylor cylinder tests, expanding 
rings, dynamic shear, and bend tests, are also dis- 
cussed. The chapter concludes with a section on 
constitutive equation modeling to describe dynamic 
material effects. 

Chapter 9 discusses the dynamic fracture of mate- 
rials. Both the classical fracture mechanics approach 
associated with macroscopic crack growth and the 
microstatistical approach involving microvoid con- 
centration and size distribution functions are de- 
scribed. The chapter emphasizes the second approach; 
examples and applications are given for both ductile 
and brittle materials. An expansion of this chapter 
to include additional material applications would 
be welcome 

Chapters 10 and 11 discuss computational methods 
and codes that describe high velocity impact phenom- 
ena. Chapter 10 examines the computational process, 
discretization procedures, and mesh descriptions 
necessary to formulate numerical solutions. Applica- 
tions to problems are presented, and solution limita- 
tions are defined. 

The final chapter lists the various codes presently in 
wide use; type, overall computational limits, and 
merit are given for each code. This chapter should 
be useful to the practicing engineer requiring such 
information to solve a particular problem. 

In summary, this book is a useful reference for the 
practicing engineer who requires information on the 
subject of impact dynamics. Some chapters present 
a more comprehensive overview than others both in 
treatment of material and citation of relevant contri- 
butions. Also, as is true with any book of more than 
one author, an ordered alternative organization of 
the individual chapters would be useful. In this case 
Chapters 1, 2, and 4 should be grouped together 
followed by 8, 6, 7, 5, 10, and 11 and finally Chap- 
ters 9 and 3. 

R.L. Sierakowski 
University of Florida 
Gainsville.FL 32611 

TRENDS IN SOLID MECHANICS 

J.F. Besseling and A.M.A. Van der Heijden, editors 
Delft University Press, Sijthoff & Noordhoff 

International, The Netherlands 
1960, 246 pp, $45.00 

This book contains the proceedings of a three-day 
symposium at the Delft University of Technology, 
The Netherlands, in June, 1979. The symposium 
was held to honor Professor W.T. Koiter on his 65th 
birthday. Thirteen invited speakers prominent in their 
fields presented the state of the art of a number of 
topics in the area of solid mechanics. These include 
elastic stability and theory of plasticity, nonlinear 
shell theory and nonlinedf vibrations, reliability of 
structures, thermo-mechanics, and mathematical and 
finite element methods. The book begins with a 
biographical note and a list of publications of Pro- 
fessor Koiter. A brief review of the 13 papers follows. 

1. "Elastic Wave Propagation Problems in Non- 
destructive Evaluation" by J.D. Achenbach. 
The integral equations governing the crack- 
opening displacements for both interior and 
surface breaking cracks are derived. These 
equations are solved numerically for specific 
geometries. The solution for the amplitude- 
spectrum is compared with the experimental 
results for longitudinal diffracted waves. 

2. "Continuum Thermo-Mechanics" by B. Becker. 
This paper is related to the classical theory of 
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Caratheodory and Born. It deals with the local 

equilibrium and irreversible processes in con- 

tinuum mechanics. Gibbs' relation of maximum 

entropy principle, visco-elasticity, and creep 

are described. 

3. "Finite Element Methods" by J.F. Besseling. 

Finite element methods are reviewed with 

reference to linear structural mechanics. The 

paper includes solution procedures, the principles 

of virtual work and virtual heat, spatial finite 

element equations, the stabilitv of structures, 

and kinematics of mechanisms. 

4. "Reliability of Structures" by V.V. Bolotin. 

Professor Bolotin presents a survey of the general 

concepts and methods of the theory of structural 
reliability. The survey outlines stochastic models 

of structural failure, methods of evaluating reli- 

ability and longevity factors, and prediction of 

individual reliability and life factors. 

5. "Buckling: Progress and Challenge" by B. Budi- 
ansky and J.W. Hutchinson. The authors discuss 

the general theory of elastic buckling. The paper 

describes the influence of the early work of 

Koiter on the development of the theory of 
buckling. In that regard the authors mention that 

"the general theory of elastic buckling and 

post-buckling behavior was presented by Koiter 

in his 1945 Ph.D. thesis. After a dormant period 

of over fifteen years the basic ideas of theory 

started to become widely known, and by now 

have become the subject of numerous alternative 

(but essentially equivalent) expositions." The 

paper indicates the importance of considering 

the bifurcation modes interaction because opti- 

mum design tends to produce structures having 
nearly equal resistances to more than one mode 

of failure. The plastic buckling associated with 
bifurcation in the plastic range, post-bifurca- 

tion behavior, and imperfection sensitivity are 

reviewed. The paper concludes with some obser- 

vations on such related topics as optimum design, 

stochastic buckling, and the general stability 
theory. 

6. "Nonlinear Vibration" by C. Hayashi. The 

author describes forced oscillatory systems with 

one and two degrees of freedom. The stability 
of periodic solutions is analyzed using Hill's 

equation and Floquet's theorem. Although solid 

mechanics is the main theme of the symposium. 

Professor Hayashi demonstrates his nonlinear 

analysis with the aid of electric circuits with a 

saturated inductance following the same lines of 

thought of his book. He then outlines the rela- 
tionship between the initial condition and the 

resulting response by considering the transient 

state of oscillation before it settles into the 

steady state. 

Hayashi employed two methods to obtain the 

response curves. The first is the graphical solu- 

tion of integral curves in the state plane; the 

second utilizes a mapping procedure based on 

the transformation theory of differential equa- 

tions. 

7. "Developments In the Mathematical Theory of 

Plasticity" by H.G. Hopkins. This paper deals 

with the mathematical theory of plasticity for 

cases involving either two space variables (quasi- 

static problems) or one space variable and time 

(dynamic problems). 

8. "Models for High Temperature Fracture" by 

F.A. Leckie. The author describes possible 
mechanisms that influence the growth of cracks 

in metals operating at temperatures high enough 

for time-dependent effects to be important. The 
author suggests that in some situations the life 

of the component is dictated by considerations 

of continuum damage mechanics; in others it is 

dominated by the growth of cracks. 

9. "Some Mathematical Problems Connected with 

Solid Mechanics" by J.L. Lions. The author 

outlines two abstract methods based on func- 

tional analysis. These methods are the varia- 

tional in equalities and the asymptotic expan- 

sion for periodic structures. They are applied 

to the classical obstacle problem, theory of 

plasticity, and perforated materials. 

10. "Variational Methods in Optimization of Struc- 

tures" by F. Niordson and N. Olhoff. The 

authors analyze the existence of solutions as 
related to the actual formulation of the prob- 

lem. This requires the study of continuity, 

singularities, jump-conditions, and bimodality. 
The paper introduces an approach to optimize- 
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tion of reinforced structures using a smear-out 
proceu. 

11. "On the Construction of Models of Continue 
Interacting with an Electromagnetic Field" by 
L.I. Sedov and A.G. Tsypkin. For a continuous 
medium in the presence of interacting material 
bodies and an electromagnetic field - with 
allowances for electric currents, polarization, 
and magnetization - the authors describe a 
general theory for constructing a mathematical 
model. The authors show that the basic vari- 
ational equation for actual phenomena locally 
reduces to the first and second laws of thermo- 
dynamics. 

12. "Special Cases of the Nonlinear Shell Equation" 
by J.G. Simmonds. The author shows that the 
inclusion of strain measures and stress-strain 
relations in the shell equations of motion leads 
to various forms of nonlinearities. The Von 
Karman equation is extended to plates under- 
going arbitrarily large rotations. 

13. "Some Recent Advances in the Application of 
Nonlinear Elastostatics to Singular Problems" by 
E. Sternbarg. This survey paper outlines two 
recent studies pertaining to singular problems 
in the finite equilibrium theory of elastic solids. 
Such singular problems are the locally unbound- 
ed  and discontinuous deformation gradients. 

The book ends with an interesting lecture by Pro- 
fessor Kolter entitled "Forty Years in Retrospect, 
the Bitter and the Sweet." It is the story of his 
scientific struggles and successes over the 40 years 
of his professional life. 

R.A. Ibrahim 
Department of Mechanical Engineering 

Texas Tech University 
Box 4289 

Lubbock, TX 79409 

VIBRATION IN POWER PLANT 
PIPING AND EQUIPMENT 

R.C. lotti and M.D. Bernstein, editors 
ASME Publ. H00192, New York, NY 

1981, 57 pp 

As stated by the editors "The object of this sympo- 
sium is to provide a forum for the exchange of 
information and to contribute to the state of the 
art of the design against vibration including its 
proper assessment." This short volume consists of 
eight papers packed into 59 pages. The first paper 
extends previous work on vibration of straight heat 
exchanger tubes aimed at developing a method for 
determining the natural frequencies of V-tubes on 
multiple supports. The second paper reports test 
results of curved tube arrays in order to assess the 
effect of flow-induced vibration. The critical flow 
velocity for onset of fluidelastic instability of a 
straight tube array can be employed in a conservative 
sense for a comparable curved tube array. The third 
paper describes a comprehensive analytical procedure 
for designing piping systems subjected to vibratory 
motion. This highly theoretical and mathematical 
paper is worth studying for its possible influence 
on piping dynamics. 

The fourth paper, although brief, proposes a way to 
optimize a piping system layout in order to minimize 
vibration. The fifth paper presents a simple method 
that the designer can use to modify piping system 
configurations found to be unacceptable in test or 
analysis. 

The sixth and companion seventh paper are an elab- 
orate treatment of systematic procedures used in 
acceptance criteria for piping vibration monitoring 
tests required in nuclear plants. Based upon this 
analysis, the ASME draft standard is conservative. 
The companion paper proposes a complete test 
program that could be performed in an operating 
nuclear power plant. This program provides a proper 
perspective of what a good test program should con- 
tain. 

The final paper analyzes the effects of transient 
load; in particular, the loss-of-coolant (LOCA). The 
state of the art is not fully developed in this area. 
The  lack  of experimental  data  and  insufficient 
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analytical procedures ImpoM a large coit require- 
ment in terms of computer reiourcet. 

In summary, this was a good symposium. It empha- 
sizes deficiencies in understanding transient phenom- 
ena and the best way to solve them. The reviewer 
would have liked more papers on computational 
efforts and, if possible, computer programs. In 
addition, the reviewer would have preferred more 
papers on the dynamic analysis of power plant 
equipment other than the piping aspect. The re- 

viewer further believes that we have come a long way 
toward understanding the role of dynamics on power 
plant design, but there Is still a long way to go. We 
require additional effort to unde stand the physics 
and experimentation necessary in the dynamics of 
power plant design. 

H. Saunders 
General Electric Company 

Building 41, Room 307 
Schenectady, NY 12345 
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SHORT COURSES 

APRIL 

DESIGN OPTIMIZATION INSTITUTE 
Dates:        April 11-15,1983 
Place: Tucson, Arizona 
Objective: The purpose of this course is to provide 
engineering designers with an understanding of the 
optimal design proress, exposure to necessary theo- 
retical concepts and to demonstrate application with 
specific engineering examples. In addition extensive 
comparative results will be given which will allow a 
designer to choose a particular code implementation. 
The course is intended to serve practicing design 
engineers and is specifically directed toward those 
who have not had previous training in optimization, 
but are familiar with the engineering design process. 

Contact: Special Professional Education, College of 
Engineering, Harvill Bldg., Room 237, University of 
Arizona, Tucson, AZ 85721 - (602) 626-3054. 

9TH ANNUAL RELIABILITY TESTING INSTI- 
TUTE 
Dates:        April 18-22,1983 
Place: Tucson, Arizona 
Objective: This institute will cover reliability testing 
concepts, the determination of the failure rate, the 
distribution of the times-to-failure, and the reliability 
of components and equipment; the applications of 
the Weibull distribution to reliability; small sample 
size, low cost, short duration reliability tests; non- 
parametric testing; sequential testing; and Bayesian 
testing. 

Subjects include: field balancing methods; single-, 
two-, and multi-plane balancing techniques; balancing 
tolerances and correction methods. The latest in-place 
balancing techniques will be demonstrated and used 
in the workshops. Balancing machines equipped with 
microprocessor instrumentation will also be demon- 
strated in the workshop sessions, where each student 
will be involved in hands-on problem-solving using 
actual armatures, pump impellers, turbine wheels, 
etc. with e nphasis on reducing costs and improving 
quality in balancing operations. 

Contact: R.E. Ellis, IRD Mechanalysis, Inc., 6150 
Huntley Road, Columbus, OH 43229 - (614) 885- 
5376. 

MAY 

COMPUTER SIMULATION OF HIGH VELOCITY 
IMPACT 
Dates:        May 10-13,1983 
Place: Baltimore, Maryland 
Objective: This is an intensive short course dealing 
with material behavior under short duration loading, 
numerical methods for impact and penetration 
problems, a survey of two- and three-dimensional 
computer codes for impact and penetration studies 
as well as graphics packages for computational mesh 
generation and data analysis. Numerous applications 
involving impact, penetration and material failure 
under intense, short-duration loading will be pre- 
sented to illustrate considerations essential for simu- 
lation of physical phenomena. 

Contact: Special Professional Education, College of 
Engineering, Harvill Bldg., Room 237, University of 
Arizona, Tucson, AZ 87521 - (602) 676-3054. 

Contact: Dr. J.A. Zukas, Course Coordinator, 
Computational Mechanics Associates, P.C. Box 
11314, Baltimore, MD 21239- (301) 435-1411. 

DYNAMIC   BALANCING   SEMINAR/WORKSHOP 
Dates:        April 27-28,1983 
Place: Columbus, Ohio 
Objective:   Balancing experts will contribute a series 
of lectures on field balancing and balancing machines. 

MLLTICRITERION DECISION MAKING: COM- 
PUTER METHODS AND ENGINEERING APPLI- 
CATIONS 
Dates:        May 17-25, 1983 
Place: Tucson, Arizona 
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Objective: This course will demonstrate how to 
account for the multicriterion nature of decision 
and management problems in industrial, systems, 
mining, environmental, and civil engineering. A 
precise definition of system decision problems will 
be given and selected techniques presented and 
illustrated by examples. Real-world case studies 
and areas of potential applications will be discussed. 
Workshops will be held using own decision problems 
and demonstrating computer programs to perform 
analyses. 

Contact: Special Professional Education, College of 
Engineering, Harvill Bldg., Room 237, University of 
Arizona, Tucson, AZ 85721 • (602) 626-3054. 

ROTOR DYNAMICS 
Dates:        May 23-27, 1983 
Place: Syria, Virginia 
Objective: The role of rotor/bearing technology in 
the design, development and diagnostics of industrial 
machinery will be elaborated. The fundamental? of 
rotor dynamics; fluid-film bearings; and measure- 
ment, analytical, and computational techniques will 
be presented. The computation and measurement 
of critical speeds vibration response, and stability of 
rotor/bearing systems will be discussed in detail. 
Finite elements and transfer matrix modeling will 
be related to computation on mainframe computers, 
minicomputers, and microprocessors. Modeling and 
computation of transient rotor behavior and non- 
linear fluid-film bearing behavior will be described. 
Sessions will be devoted to flexible rotor balancing 
including turbogenerator rotors, bow behavior, 
squeeze-film dampers for turbomachinery, advanced 
concepts in troubleshooting and instrumentation, 
and case histories involving the power and petro- 
chemical industries. 

Contact; Dr. Ronald L. Eshleman, Vibration Insti- 
tute, 101 W. 55th St., Suite 206, Clarendon Hills, IL 
60514-1312)654-2254. 

JUNE 

VIBRATION AND SHOCK SURVIVABILITY. 
TESTING. MEASUREMENT, ANALYSIS, AND 
CALIBRATION 
Dates:        June 6-10,1983 
Place:        Santa Barbara, California 

Dates: August 22-26, 1983 
Place: Santa Barbara, California 
Objective: Topics to be covered are resonance and 
fragility phenomena, and environmental vibration and 
shock measurement and analysis; also vibration and 
shock environmental testing to prove survivability. 
This course will concentrate upon equipments and 
techniques, rather than upon mathematics and 
theory. 

Contact:    Wayne Tustin, 22 East Los Olivos St., 
Santa Barbara, CA 93105- (805) 682-7171. 

MECHANICS OF HEAVY-DUTY TRUCKS AND 
TRUCK COMBINATIONS 
Dates: June 13-17,1983 
Place: Ann Arbor, Michigan 
Objective: This course describps the physics of 
heavy-truck components in terms of how these com- 
ponents determine the braking, steering, and riding 
performance of the total vehicle. Covers analytical 
methods, parameter measurement procedures, and 
test procedures, useful for performance analysis, 
prediction and design. 

Contact: Continuing Engineering Education, 300 
300 Chrysler Center, North Campus, The University 
of Michigan, Ann Arbor, Ml 48109 - (313) 764-8490. 

MACHINERY VIBRATION ANALYSIS 
Dates: 
Place: 
Dates: 
Place: 
Dates; 
Place: 

June 14-17,1983 
Nashville, Tennessee 
Augut 16-19,1983 
New Orleans, Louisiana 
November 15-18, 1983 
Chicago, Illinois 

Objective; In this four-day course on practical 
machinery vibration analysis, savings in production 
losses and equipment costs through vibration analysis 
and correction will be stressed. Techniques will be 
reviewed along with examples and case histories 
to illustrate their use. Demonstrations of measure- 
ment and analysis equipment will be conducted 
during the course. The course will include lectures 
on test equipment selection and use, vibration mea- 
surement and analysis including the latest informa- 
tion on spectral analysis, balancing, alignment, iso- 
lation, and damping. Plant predictive maintenance 
programs, monitoring equipment and programs, and 
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equipment evaluation are topia included. Specific 
components end equipment covered in the lecture« 
include gears, bearings (fluid film and antifriction), 
shafts, couplings, motors, turbines, engines, pumps, 
compressors, fluid drives, geerboxes, and slow-speed 
paper rolls. 

Contact: Dr. Ronald L. Eshleman, Vibration Insti- 
tute, 101 W. 55th St., Suite 206, Clarendon Hills, IL 
60514-(312) 654-2254. 

Objective; The utilization of the vibration damping 
properties of viscoelestic materials to reduce struc- 
tural vibration and noise has become well developed 
and successfully demonstrated in recent years. The 
course is intended to give the participant an under- 
standing of the principles of vibration damping 
necessary for the successful application of this 
technology. Topics included are: damping funda- 
mentals, damping behavior of materials, response 
measurements of damped systems, layered damping 
treatments, tuned dampers, finite element techniques, 
case histories, and problem solving sessions. 

VIBRATION DAMPING 
Dates:        June 19-22,1983 
Piece: Dayton, Ohio 

Contact: Michael L. Drake, Kettering Laboratory 
104, 300 College Park Avenue, Dayton OH 45469 • 
(513) 229-2644. 

i 
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PREVIEWS OF MEETINGS 

12TH TRANSDUCER WORKSHOP 
Juae 7-9. 1963 

Cocoa BeMh. Florida 

The 12th Transducer Workshop is scheduled for 
June 7-9, 1983. The workshop will be held at the 
Holiday Inn, Melbourne Oceanfront near Cocoa 
Beach, Florida. A list of the technical presentations 
is shown below. A tour of the Kennedy Space Center 
has also been arranged. The final workshop program 
with registration information and forms will be avail- 
able the first week of April, 1983. 

For additional information contact: William D. 
Anderson, Chairman, Vehicular Instrumentation/ 
Transducer Committee, TG/RCC, Technical Support 
Directorate, Naval Air Test Center, Patuxent River, 
Maryland 20670 

Session 2: Temperature, Displacement and Velocity 

• "A High Accuracy Temperature Measurement 
on a Diagnostic Canister for the Nevada Test 
Site," Donald Gerigh, Lawrence Livermore 
National Laboratory 

• "A New Application of Proximity Probe Mea- 
surement on Rolling Element Bearings," Tom 
McGauvran, Bentley, Nevada 

• "Space Shuttle Main Engine Turbopump 
Transducer," Tom J. Peterson, Rockwell/ 
Rocketdyne 

TECHNICAL SESSIONS 

Session 1: Transducer Systems 

• "Measurements on and with Non-linear Systems 
- Problems and Approaches," Peter K. Stein, 
Stein Engineering Services 

• "Drift Prediction for a Roll-Stabilized Inertial 
Measurement System," Vesta I. Bateman, 
Sandia National Laboratories 

• "Performance Evaluation of Sensors," Paul S. 
Lederer, Wilcoxon Research 

• "Test and Evaluation of Radioactively Con- 
taminated Transducers and Transmitters," R.C. 
Strahm, EG&G Idaho, Inc. 

• "Testing Techniques Involved in the Develop- 
ment of High Shock Acceleration Sensors," 
Bob Sill, Endevco Corporation 

• "Aircraft Displacement Off the Bow," Terry 
A. Col lorn. Naval Air Test Center 

• "An Angular Velocimeter for Aerospace 
Applications," Dr. P.W. Whaley, University 
of Nebraska - Lincoln 

• "An Extended Range Penbulous Velocity 
Gage," Laurence Starrh, Lawrence Livermore 
National Laboratory and Roger Noyes, EG&G 
Inc. 

Session 3: Pressure 

• "Difficulties Encountered in Measuring Small 
Differential Pressures at High Reference Pres- 
sures," Richard T. Hasbrouck, Lawrence Liver- 
more National Laboratory 

• "Weapon Chamber Pressure Measurement," 
W. Scott Walton, U.S. Army Aberdeen Proving 
Ground 
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• "Soil Pore Gas Prenure MMiurements at the 
Nevada Tett Site," Lee Davlei, Roger Noyet, 
John Kalinowtki and Ted Stubbi, EG&G, Inc. 

• "Temperature Compeniation and Shunt Cali- 
bration of Semiconductor Pressure Trans- 
ducers," Joseph R. Mellon, Jr., Kulite Semi- 
conductor Product», Inc. 

• "Applications of the Small Body Pressure 
Transducer," Robert E. George, Ames Re- 
search Center 

Session 6: Vibration and Shock 

• "A Systems Approach to Measuring Short 
Duration Acceleration Transients," Fred Schel- 
by, Sandia National Laboratories 

• "Calibration of Vibration Pickups at High 
Frequencies," B.F. Payne, National Bureau 
of Standards 

• "Shock Isolated Accelerometer," Merk Groethe 
and Ed Day, S-Cubed 

• "Precise Hydrauiically Operated 100,000 lb. 
Force Transfer Standard," Vern E. Been and 
B.E. Welch,  National  Bureau of Standards 

Session 4: Manufacturers Panel 

• Eight selected transducer manufacturers will 
discuss their latest products and answer ques- 
tions. 

• "High-G Calibration of Accelerometer» - An 
Evaluation of Methods," Charles Federman 
and Myroslav R. Serbyn, National Bureau of 
Standards 

• "Aircraft Ground Vibration Test Instrumenta- 
tion System," David Banaszak and Richard 
Talmadge, Air Force Wright Aeronautical 
Laboratories 
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MECHANICAL SYSTEMS 

ROTATING MACHINES 
(Alto Me Noi 489.491, 658,622,656,650) 

83430 
Fractional-Frequency Rotor Motion Due to Nonqrin* 
metric Clearance Effects 
D.W. Childs 
Texas A&M Univ., College Station, TX 77843, J. 

Engrg. Power, Trans. ASME, 104 (3), pp 533-541 

(July 1982) 9 figs, 8 refs 

Key Wordi: Roton, Subiynchronoui vibration. Whirling, 
Pwamatric excitation 

83432 
Component Mode Synthe« of Laige Rotor Syitemi 
D.F. Li and E.J. Gunter 

Univ. of Virginia, Charlottesville, VA 22901, J. 

Engrg. Power, Trans. ASME, 1^ (3), pp 552-560 

(July 1982) 8 figs, 14 refs 

Kay Word«:   Roton, Component  mode lyntheiii, 
•ynthaiit 

Modal 

A Khtma I« presented for calculating the vibretiom of large 
multi-component flexible rotor tyitemi bawd on the compo- 
nent mod« lyntheiii method. It it shown that, by a modal 
expansion of the elastic interconnecting elements, the system 
modal equation can be conveniently constructed from the 
undamped eigen representations of the component sub- 
systems. The capability of the component mode method is 
demonstrated in two exemples: a transient simulation of a 
two-spool gas turbine engine equipped with a squeeze-film 
demper; and an unbalance response analysis of the Space 
Shuttle Main Engine oxygen turbopump in which the dynam- 
ics of the rotor and the housing are both considered. 

Analysis based on the Jeffcott model is presented to explain 
1/2 «seed and 1/3 speed whirling motion occurring in rotors 
which are subject to periodic normal-loose or normal-tight 
radial stiffness variations. The normal-loose stiff ness variation 
results due to bearing-clearance effects, while normal-tight 
stiffness variations result from rubbing over e portion of a 
rotor's orbit. A linear parametric-excitetion analysis demon- 
strates that during a normal-tight rubbing condition. Cou- 
lomb damping significantly widens the potential range of 
unstable speeds. 

83431 
A Study of the Modal Truncation Error in the Com- 
ponent Mode Analysis of a Dual-Rotor System 
D.F. Li and E.J. Gunter 

Univ. of Virginia, Charlottesville, VA 22901, J. 

Engrg. Power, Trans. ASME, 104 (3), pp 525-532 

(July 1982) 11 figs, 4 tables, 17 refs 

Key Words: Rotors, Modal analysis. Modal truncation. Com- 
ponent mode synthesis 

In the component mode synthesis method, the equation of 
motion in the generalized coordinates is built upon the 
undamped eigenvalue data of the component structures. 
Error is inevitable whan truncated modes are used. Two 
model truncation schemes ware evaluated with regard to the 
critical veed, stability, and unbalance response of a two- 
spool gas turbine engine. The numbers of modes required 
to yield acceptable accuracy in these cases ware determined. 
Guidelinas for modal truncation were derived from these 
results. 

83433 
Vibration   Detection of a Transverse  Crack  in a 
Rotatiikj; Machine Shaft 
J.C. Sol 
Canada Inst. for Scientific and Tech. Information, 

Ottawa,   Ontario,   Canada,  Rept.   No.   ISSN-0077- 

5606, NRC/CNR-TT-2018,16 pp (1982) 

N82-27763 

Key Words: Shafts, Crack detection. Monitoring techniques 

The vibrational effects of a crack are reviewed using simple 
theoretical models, and detection criteria for horizontal axle 
machines are defined. These criteria are compared with 
experimental results obtained using a small scale model and 
from a real machine. Monitoring techniques developed 
especially to detect defects of this type in turboalternators 
are presented. 

83434 
On the Shaft End Torque and the Unstable Vibra- 
tions of an Asymmetrical Shaft Carrying an Asym- 
metrical Rotor 
H. Ota and K. Mizutani 
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Nagoya Univ., Chikusa-ku, Nagoya, 464, Japan, 

Bull. JSME, 25 (208), pp 1574-1581 (Oct 1982) 

8 figs, lOrefs 

KtyWordrShsfti, Whirling 

In ■ routing «iymmttrlcal ihaft carrying an aiymmttrlcal 
rotor, thart occur two typai of unttabla ragloni. Thaw 
unitablt ragloni change with tha orientation angle (between 
the Inequality of ihaft itlffnett and that of rotor Inertia. 
The condltloni under which unttabla vlbrationt occur jutt 
at Input energy into the rotating ihaft tyitem tendi to In- 
create the whirling emplitudet of the shaft, can be clearly 
atcertalned. 

VDI Z.. 1^4 (17), pp 623-628 (1982) 16 figs, 3 refs 

(In German) 

Kay Wordt: Grinding, Vibration control 

Tha effect of grinding force and of the volume cut per unit 
of time on tha dynamic procettet during grinding it dit- 
cutted. 

STRUCTURAL SYSTEMS 

83435 
An Experimental Study of Rotor-Filter Pump Perfor- 

K.M. Marshek, M.R. Naji, and G.C. Andries 

Univ.  of Texas at Austin, TX 78712, J. Energy 

Resources Tech., Trans. ASME, 1Q4 (3), pp 259-268 

(Sept 1982) 32 figs, 2 tables, 10 refs 

Key Wordt: Pumpt, Pulte excitetion 

The performance of a rotor-filter pump were ttudied experi- 
mentally. To develop an undemanding of pump perfor- 
mance, end in particular to ditcern the mechanlim of hy- 
draulic putting, flow vitualization in the rotor, vibration 
analytat of the pump, frequency analytlt of the pump 
hydraulic prenure pulsation, and analyses of flow charac- 
terlttlct for different pick-up tubet in combinetion with 
different Impellert and cover plates ware conducted. 

RECIPROCATING MACHINES 
(See No. 507) 

BRIDGES 

83437 
Vulnerability of Steel Girder Bridget to Airblaat 
J.W. Ball and J.P. Balsara 

U.S. Army Engineer Waterways Experiment Station, 

Corps of Engineers, Vicksburg, MS, Shock Vib. Bull., 

U.S. Naval Res. Lab., Proc. 52, Supplement 1, pp 
127-135 (Oct 1982) 19 figs, 4 refs (52nd Symp. 

Shock Vib., New Orleans, LA, Oct 26-28, 1981, 

Spons.  SVIC,  Naval   Res.   Lab., Washington, DC) 

Key Wordt: Bridget, Steel, Air biatt, Vulnerabilitv, Nuclear 
weapont ef f ecu 

Data it provided for the development and verification of en 
analytical model for vulnerability predlctiont of a tteel 
girder bridge from alrblatt of a timulated nuclear detonation. 
The analytical model repretentt the bridge span at a rigid 
body rotating about the edge farthest from ground zero. The 
differential aquation resulting from the contervetion of 
angular momentum it numerically solved. 

POWER TRANSMISSION SYSTEMS 
(See No. 658) 

BUILDINGS 

METAL WORKING AND FORMING 

83436 
Dynamic Prooeaaei during Contour-Receü Grinding 
(Dynamiaehe Vorgänge beim Auaaennuid-Einatoeh* 
achieiien) 
E. Salje, W. Dietrich, and J. Meyer 

83438 

Earthquake Reaponae of Irregular R/C Structures in 
die Nonlinear Range 
M. Saildi and K.E. Hodson 

Civil Engrg. Dept., Univ. of Nevada, Reno, NV 

89557, Computers Struc, Ifi (1-4), pp 519-529 

(1983) 7 figs, 6 tables, 12 refs 
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Kty Wordt: Building!, Reinforced concrete, Silimlc re- 
•ponw 

The application of ■ iimple «nelyticel model (Q-Model) for 
calculation of nonlinear •eiimic rttponm hiitory of irregular 
planar itructuret ii demonitrated. The modal reprtwnti the 
structure by an equivalent SDOF oMlllator. St iff nets degrada- 
tion effect! are accounted for through a simple hysteresis 
model. The Q-Model is evaluated for small-scale test struc- 
tures in addition to a full-scale hypothetical fi »ma, 

to environmental noise is defined and some human percep- 
tion criteria are reviewed. 

TOWERS 
(Also tee Not 544, 545) 

83-439 
Inelaitic Retponw of a Non-Seianically Deagned 

Eleven Story Reinforced Concrete Building 

M.R. Button, I.E. Kelly, R.L. Mayes, R. Donikian, 
and E. Crespo 

Computech Engineering Services, Inc., Berkeley, CA 

94705, Computers Struc, Iß (1-4), pp 543-548 

(1983)3figs, 9refs 

Key Words: Buildings, Multistory buildings. Reinforced 
concrete. Earthquake response. Seismic retponte 

An analytical study is described in which the predicted re- 
sponse of a non-seismically designed eleven story reinforced 
concrete building subjected to mechanically induced, large 
amplitude shaking, is correlated with actual inelastic response 
measured from full scale tests. The best analytical model is 
then used to predict the response of the structure subjected 
to earthquake induced ground motion. Conclusions are 
drawn about the ability of such structures to withstand 
earthquakes of varying magnitude. 

83441 

PreaenUtion of Dynamic Deiign Data Using a Mini- 

computer 

J.S.W. Taylor and I.M.Allison 

Univ. of Surrey, Guildford, UK, Engineering Research 

and Design - Bridging the Gap, Instn. Mech. Engrs. 

Conf. Publ. 1981-7, pp 9-15, C226/81, 9 figs, 2 refs 

Key Words: Towers, Design techniques. Computer-aided 
techniques. Dynamic response. Lumped parameter method. 
Graphic methods. Minicomputers 

The graphics capability of a minicomputer is used in display- 
ing the deformations of slender towers subjected to dynamic 
loading. The effect of damping is illustrated using a lumped 
mass idealization. 

HARBORS AND DAMS 
(Also see No. 609) 

83-440 

Noise Induced House Vibrations and Human Percep- 

tion 
H.H. Hubbard 

The College of William and Mary, Virginia Associated 

Res. Campus, 12070 Jefferson Ave., Newport News, 
VA 23606, Noise Control Engrg., 19 (2), pp 49-55 

(Sept/Oct 1982) 12 figs, 32 refs 

Key Words: Buildings, Acoustic excitation. Vibration re- 
«K>nse, Natural frequencies. Mode shapes. Acceleration 
analysis. Human resaonse 

Noise induced house responses Including frequencies, mode 
shapes, acceleration levels and outside-to-inside noise reduc- 
tions is summarized. The role of house vibrations in reactions 

83442 

Hydrodynamic  Effect of Earthquakes on Circular 
Dam-Reservoir Systems 

D.S. Kadleand A.T, Chwang 

Iowa Inst. of Hydraulic Res., Iowa City, IA, Rept. 

No. IIHR-246, 74pp(Aug1982) 
PB82-254137 

Key Words: Dams, Earthquake response 

This study deals with the hydrodynamic effect of earth- 
quakes on a three-dimensional dam-reservoir system. Analyti- 
cal solutions in closed forms are obtained when the reservoir 
is circular or ssmi-circuiar in shape. The effects of surface 
waves and compressibility of the fluid in the reservoir are 
also included. 
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ROADS AND TRACKS 
(Al» »• Noi 487,488) 

83448 
Four QUOMI ExciUtion for Simulation of Vertical 
Road RoughiMM (VieriuMl-Aiiraguflg rar Simula- 
tkm v«rtikal«r StraMenuwbeniieiten) 
H.-P. Willumeit arid M. Lemke 
Automobiltech. Z., £4 (10), pp 499-506 (Oct 1982) 
12 figs, 2 tables, 24 refs 
(In German) 

Kiy Wordi: Simulation, Road roughnan. Noli« gtnaration. 
Vibration meltatlon 

A four-channal, vbratlon-axeltlng nolia ganarator for tlmu- 
lation of vartlcal road roughnan li daierlbad. Tha ganarator 
producai dlffarant itochartlc tlma tlgnali for both tracki, 
which art corralatad by a f bead coharanca function. Varlabl« 
tlma dalayt product tha vthlclt »tad and whttlbtit-dtptn- 
dtnt rttr-whaal txcitation. 

83444 
Analyst of Rigid Pavement on Viacoelattic Founda- 
tiont Subjected to Moving Loada 
S.S. Bandyopadhyay 
NFS Services, Inc., Houston, TX, Intl. J. Numer. 
Anal. Methods Geomech., fi. (4), pp 393-407 (Oct- 
Dec 1982) 13 figs, 3 refs 

Kay Wordi: Roadi (ptvtmtnts), Foundattom, VlKOtliitic 
foundttloni. Moving loadt 

Tha dynamic bahavior of road itructura it analyztd by 
Idaallzlng tha aibgrada wKh dlffarant vitcoalattic modal» 
having thraa and four tltmtnti Complex Fourier tranifor- 
mation li uiad to »iva tha rtwltlng dlfftrantlai tquationt. 
Tha rtwltiar« praitntad in non-dknantional form. A dctailad 
ttudy It made to determine the affect of different paramatert 
on the deflection and moment of the pavement Alto, tha 
raiativa knpllcationi of ideelizing the aibgrada with difftrtnt 
vlicoelaitic modelt are ttudied. A numerical example it 
tolved. 

POWER PLANTS 

83445 
An Approach to Evaluate the Dea%n Load Time 
Hiatory for Normal Engine Impact Taking into 
Account the Cradi-Velocfty Diatribution 

J.D. Riera, N.F. Zorn, and G.I. Schuller 
Pot-Graduacao em Engr. Civil, Escola de Engenharia - 
UFRGS, Porto Alegre, Brasil, Nucl. Engrg. Des., 
2i (3), pp 311-316 (Aug 11. 1982) 7 figs, 10 refs 

Key Wordi: Nuclear power plants, Craih rettareh (aircraft) 

Examination of craih records for military aircraft Indicate» 
that In the definition of tha excitation due to aircraft Impact 
againtt nuclear nrueture», :he englnet ihould be eon»ldered 
a» independent projectiiet and, if nacenary, it» effect» luper- 
impoted on thott due to the eircraft and/or parti thereof. 
For the development of reliability beted dttign criteria. It It 
alto nacenary to aitociate different excitation iavelt to 
(conditional) probabilitiet of occurrence. The paper prtttntt 
a detailed dltcunton of the characterlitlc» of the reection- 
time curve for a Phantom QE J7M turbojet engine, together 
with e procedure to correlate any reaction-tima curve to it» 
(conditional) probability of occurrence. 

83446 
Seianic Criteria for Older Plants: An Illustration of 
Deciabn Analyaia 
C.A. Cornell 
Dept. of Civil Engrg., Massachusetts Inst. of Tech., 
Cambridge, MA 02139, Nucl. Engrg. Des., 2] (3), PP 
427429 (Aug 11,1982) 3 refs 

Kay Word»: Nucieer power plant», Seiimic de»lgn 

It it thown how elementary decition theory can formally 
quantify tha belief that older plentt need not be reinforced 
to the mm» level» of teiimic coniervetlim uwd In new plentt. 

83447 
Eatimation   of   the   Time-Dependent   Frequency 
Content of Earthquake Acceierathmt 
R.J. Scherer, J.D. Riera, and G.I. Schulter 
Institut f. Bauingenieurwesen III, Technische Uni- 
versität München, Fed. Rep. Germany, Nucl. Engrg. 
Des., ZI (3), PP 301-310 (Aug 11, 1982) 9 figs, 8 
refs 

Kay Wordi:  Nucieer power plentt, Earthquake mponte 

in order to define ttivnlc random procettnt attention it 
devoted to the evolutionary ipectra method. It it »hnwn 
that tha tttimation of tha evolutionary eectra carried out 
by the multifliter technique with an approximate contktara- 
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tlon of th« trantttm bthMlor of th« flit« •lamont mty lud 
to an Improvad tnbnator. 

88448 
Seimk Kvk Aiulyü «ad Decinont for Nudew 
Power PluU 
P.D. Smith 
Lawrence Livermore Natl. Lab., P.O. Box 808, L-95 
Llvermore, CA 94550, Nucl. Engrg. Des., 71 (3), pp 
431432 (Aug 11,1982) 11 ref s 

Kay Wordi: Nuclaar powar plants, Sainnic ntponm 

This paptr brlafly datcribat tavaral catagorlai of Nfaty 
daclitom that can ba mada using «limlc rltk analyii«. While 
ritk analyili doat not provide all tha information required 
for the» daciiiont, It It a uteful tool in that It provldat 
additional information for the decitlon-making procatt. A 
growing intara« in tha uta of leiimic rlik analyii« in nuclear 
«faty evaluation« i« anticipated. 

83449 
As AppKcatbn of Syatem Rdhblity Analyni for 
Ae Study of Reactor Seumic Safety 
G.E. Cummings 
Univ. of California, Lawrence Livermore Natl. Lab., 

P.O. Box 808, L-91, Livermore, CA 94550, Nucl. 

Engrg. Des.. 71 (3). pp 341-344 (Aug 11, 1982) 1 

fig, 2 tables, 7 refs 

Kay Word«: Nuclear powar plant«, Saltmlc mponta. Damage 
prediction, Probebillty theory, Computer program« 

Both «yttemt and «tructurai analyti« technique« are being 
employed to calculate failure and radtoactlva ralaate prob- 
abllltle« In an effort to provide Intight« Into the «cltmic 
«afety of nuclaar powrar plant«. A datcrlption I« given of en 
event-tree/fauIt-tree modal of a nuclear powar plant which 
ha« been eonitructed and I« being u«ad to calculate the« 
probabllltle«. Failure data for u« In thl« modal I« generated 
(In part) from reeoniat calculated by «tructurai analyii« 
code« uiing earthquake time hirtorle« at forcing function«. 
Thaw mponm an applied to fraglltty function« to deter- 
mine component and «tructurai falkira probability Input for 
tha fault treat. 

88480 
A ProbtblUlK Asaeaanent of the Primary Coolant 
Loop Pipe Fracture Due to Fatigue Crack Growth 
for a PWR Plant 
C.K.Chou 

Lawrence Livermore Natl. Lab., Univ. of California, 

P.O. Box 808, L-90, Livermore, CA 94550, Nucl. 

Engrg. Des., H (3), pp 285-298 (Aug 11, 1982) 

Key Word«: Nuclear power plent«, Earthquake reiponee, 
Seiimic reiponie, Fatigue life 

The work reported herein auattet the probability of a 
double-ended guillotine break of the hot leg, cold leg end 
crou-over Una of a PWR plant tubjacted to the loed«cau«ad 
by plant tramlent« and earthquake«. Flew «Ue end ««pact 
ratio, material propertia«, operating tramlent end «ei«mlc 
«treu hiitorle«, pre-tervica and ln-«ervice infection« ei well 
a« leek detection« ere comldered random variable« to be 
Input into the fatigue crack growth fracture mechanic« 
model. A brief de«crlptlon of the model and interreietion«hip 
between varloui itepi are ai«o given. 

83451 
Seumic Research on Block-Type HTGR Cot* 
T. Ikushima, T, Honma, and H. Ishizuka 
Div. of Nuclear Safety Evaluation, Japan Atomic 

Energy Res. Inst, Tokai-mura, Naka-gun, Ibaraki-ken, 

319-11, Japan, Nucl. Engrg. Des., 71 (2), pp 195-215 

(Aug 1,1982) 40 figs, 2 tables, 9 refs 

Key Wordi: Nuclear reactor«, Seiimic enalytii 

Thii paper deicribe« «eitmic reeearch conducted by the 
Japanete Atomic Energy Reaeerch ln«titute In the develop- 
ment of a high-tamperatura gat-cooled reector. Deicrlption« 
ere given of the «eiemlc reiearch program, the leiimic te«t«, 
end the «Imulation analyie«. Experiment« included e two 
block pendulum collitlon ten and a ilngle «tacked block 
column, a one-region core (teven column«), e two-dimen- 
«lonai vertical core and a two-dimen«ionei horizontal core, 
vibration tan«. 

83452 
Afeimic Study of High Temperature Gas-Cooled 
Reactor Core with Block-type Fuel (2nd Report: An 
Analytical Method of Two-dmentmnal Vibration of 
Interacting CohunM) 
T. Ikushima 
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Japan Atomic Energy Research Inst., Tokai-mura, 
Naka-gun, Ibarakl-ken, 319-11, Japan, Bull. JSME, 
25 (208), pp 1610-1617 (Oct 1982) 12 figs, 1 table, 
5refs 

Kty Words: Nuclwr rtacton, Sttamlc dtilgn 

An ■mlytlcal mtthod of two^lmtntloiwl Vibration of 
Intn-Mting columni for •wiimic dHign of ■ high ttmptri- 
tun gtfrcoolid rwctor cor» with bloek-typ« fual li dMti- 
opad. Blockt art trattid ■• rigid bodtot and ■ «>ring dtihpot 
model It uttd for tht collitlon proott bttwatn blockt. 
Analytlcsl rtmiltt art comparad with mparbnantal onat and 
both ara found to ba In good agraamant. Tha analytical 
mtthod can ba und to pradlct tha bahavior of tha high 
tamparatura gatcoolad raactor cora undar taitmic axclta- 
tten, 

Kay Wordt: Nuclaar powar plantt, Contalnmant ttructurtt, 
Tima-domaln mtthod, Fraquancy-domain mtthod. Hydro- 
dynamic txcltatlon 

An alttrnatlwt mtthod to analyia contalnmant ttructurtt of 
boiling wattr raactor (BWR) nuclaar plantt it propotad. Tht 
propottd mtthod rtducat tht computtr cott and providat 
tuff iclant accuracy for tha analvtit of contalnmant ttructurtt 
for hydrodynamic loads, which hava a widt «Metrum of 
fraquancy variation and ara of duration In axcan of 6 wc. 
An Impultt function tlmt hiitory of duration thorttr than 
tha actual forcing function duration It uttd In timt-domain 
analytit to gtntrata tytttm charactariitic functlont or trant- 
far function! for a iinaarly tltttlr multi dtgrM of frttdom 
itructurtl tytttm. The functlont ara than utad In a fra- 
quancy-domain analytit along with tha Fourier trantform of 
the actual Input forcing function ♦ime hiitory to obtain the 
retponte time hlttoriet et verioo. polntt in the ttructuret. 

83453 
Dynamic Reiponae of the JT-60 Vacuum Veaael 
under the Electromagnetic Forces 
H. Takatsu, M. Shimizu, M. Ohta, K. Imai, S. Ono, 
and M. Minami 
Japan Atomic Energy Res. Inst., Tokai-mura, Naka- 
gun, Ibaraki-ken, Japan, Nucl. Engrg. Des., 71 (2), 
pp 161-172 (Aug 1, 1982) 16 figs, 3 tables, 6 refs 

Key Words: Nucieer reactor eomponantt. Bellows, Electro- 
megnttlc excitetion 

Dynamic mponse enelytet of the JAERI Tokamek 60 
(JT-60) vacuum vessel were cerried out under three kinds 
of saddle-like electromegnetic forces. The dynamic retponte 
of the bellows wes obteined by dividing it into three compo- 
nents: the first, ceused by the forced deflection due to tha 
di^tlacement of an edjactnt rigid ring; the second, caused by 
inertia force; and the third, ceused by a taddle-like electro- 
megnetic force. It It clear that the dynamic bahavior of the 
vacuum vessel Is governed mainly by tha saddle-like electro- 
magnetic force, with a smaller effect of the inverse taddle- 
like electromagnetic force on the dynamic re^onte of the 
vacuum vettel. 

83455 
Dynamic Re^tonae of Containment Vetteit to Blast 
Loading 
R.R. Karpp, T.A. Duffey, T.R. Neal, R.H. Warnes, 
and J.D. Thompson 
Los Alamos Nat).  Lab., NM, Rept. No. LA-UR-82- 
344, CONF-820516-5, 7 pp (1982)  (Presented at 
joint conference on experimental mechanics, Hono- 
lulu, HI, May 22,1982) 
DE82008123 

Key Words: Containment structures. Blast loads. Internal 
explosions. Explosion effects 

The dynamic re«ionse of steel, spherical containment vetteit 
loaded by Internal explotlve blast was studied by experi- 
ments, computetions, and analysis. Instrumentation used In 
the experiments consisted of strain and pressure gauges end 
a velocity interferometer. Data ware used to rank the blast 
wave mitigating properties of several filler materielt and to 
develop e tcaling law relating strain, filler material, and 
explosive energy or explosive mast. 

OFF-SHORE STRUCTURES 

83454 
Mixed Domain Analysis of Nuclear Containment 
Structures Using Impulse Functions 
S. Ramamurthy and M.J. Shah 
Stone & Webster  Engrg. Corp.,  Cherry  Hill, NJ 
08034,  Computers Struc,  16  (14),  pp  573-579 
(1983) 11 figs, 7 refs 

83456 
Dynamic Analysis Models of Tension Leg Platfoims 
E.R. Jefferysand M.H. Patel 
University College London, London, UK, J. Energy 
Resources Tech., Trans. ASMF, 104 (3), pp 217-223 
(Sept 1982) 7 figs, 1 table, 13 refs 
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Kay Wordi: Drilling plitformt, Otf-ihort ttructurn, Cablti, 
Natural fraquanolM 

Convtnttoiwl iralytli of ttniton lag platform nrueturai 
yMdi natural fraquanelai which ara wall taparattd from 
wava axcltatlon fraquanelai, Howavar, tha raiultt praiantad 
hart ihow that tha tathan can hava lataral ratonant fra- 
quanelai In tha wava fraquaney range If tha platform ti 
daployad In daap watar. It li uwally auumad that tathar 
tanilon doai not vary with tlma. Howavar, tha vartlcal wava 
foreai, raaetad by tha tathari, eauia tha tanilon to changa 
with tlma and thii can cau« a Mathlau typa of Initablllty 
In tha platform wvay motion. Thli phanomanon li Invaitl- 
gatad uting a ilmpla anargy balance tachnlqua and It li ihown 
that iquara law fluid damping plaeai an upper bound on 
OKllletlon amplitude; It li found that platform iway motloni 
due to Mathiau excitation remain acceptable even in lerge 

Key Wordi: Off-ihore itructurei. Floating itrueturei, Moor- 
Ingi, Wave forces, Wave generation 

Thii paper prewnti a procedure for the design of wpporting 
platformi for wave generaton which ara enentially wlf- 
poiitioned and require minimum anchoring, Tha optimum 
deiign and control for wch lyitemi ii given for e Mlected 
ocean condition. The itudy ihowi that an unanchored 
platform In an optimally daiignad two-men lyitem can 
provide eppropriata support for tha weve generetor without 
eny significant lots of conversion efficiency. 

VEHICLE SYSTEMS 

GROUND VEHICLES 
(Also see Noi. 476,654) 

83457 
A Hjgh-Pmwre Swivel for Natural G«a Service, and 
Oaellatiiig Motion in • Marine Environment 
J.T. Herbert and J.E. Ortloff 
Aeroquip Corp., Jackson, Ml, J. Energy Resources 
Tech., Trans. ASME, 104 (3), pp 229-234 (Sept 
1982)15figs,1 table, 12 refs 

Key Words: Off-shore structures, Drilling platforms, Marina 
riiari 

A Joint development program has produced a unique flowline 
«wteel for high-pressure natural gas service under continuous, 
■nail degree rotation, oscillating sarvlca. The swivel um an 
elastomeric beering element made up of alternate, fruito- 
conical iheped rings of metal and rubber (alaitomer) to 
abiorb continuous small degree rotary oscillations or flexures 
of the iwlvel. It accommodatai larger oieiliatloni by locking 
the claitomaric element at its maximum design flexure 
capability and permitting the entire shaft anembly to rotate 
relative to the housing. 

83459 
Vehicle Interior Noiae Related to External Aerody- 
namica 
R. Buchheim, W. Dobrzynski, H. Mankau, and D. 
Schwabe 
Volkswagenwerk  AG,  Wolfsburg,  West Germany, 
Intl. J. Vehicle Des., 3.(4), pp 398-410 (Nov 1982) 
17 figs, 4 refs 

Key Words: Motor vehicle nolle, Interior noise. Noise mea- 
surement. Wind tunnel testing. Aerodynamic loeds 

Vehicle interior noise measurements ere mad« In the wind 
tunnel end on the roed. The noise in the passenger compart- 
ment of vehicles caused by the external flow around the car 
is analyzed. Correlations between pressure fluctuations at 
the outside body surface of a car and the interior noise ere 
esteblished. 

83458 
Optimum Deagn and Control of Self-Supported Wave 
Energy Syttenu 
A. Abuelnaga and A. Seireg 
Mech. Engrg. Dept, Univ. of Wisconson, Madison, Wl 
53706, J. Energy Resources Tech., Tram ASME, 
IM (3), pp 247-256 (Sept 1982) 10 figs, 4 tables, 
11 refs 

83460 
Lateral Running Quality and Subiity Deogn of 
Railway Carriagea 
P. Michelberger, A. Simonyi, and M. Ferenczi 
Technical Univ. of Budapest, Hungary, Intl. J. Ve- 
hicle Des., 3 (4), pp 424435 (Nov 1982) 7 figs, 6 refs 

Kay Words: Railroad cars, Lataral rasponie. Stability 

One of the current problami of railway car dynamics ii the 
enalysis of lateral motions. This paper Nekt to determine. 
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by cnMni of • llntar modtl with 14 dtgrMi of frttdom, tht 
vraniftr chrtcttrinlei of • rtllwty Cir'i whMl-Mt. Th« 
PwtJti! de«rilh(n. »trnugh ■ court« of •nalyiii, th« «laitlcity 
param«t«ri of whMl-wt cl«mpiii. thit r«iult In optimal 
riding comfort. By «pplylng •lmultan«oui dlff«r«ntlal «qua- 
tlom to th« mod«!, and with th« aid of th« Francis doubl«- 
•t«p algorithm, th« itabllity condition of th« modal li anam- 
Ined and th« wt of whaal-Nt clamping paramatari that 
aitur« «table running ar« d«t«rmin«d. 

th« impact «n«rgy of a moorad tankar ara itudiad. B«Md on 
tyiMmatic tatt data, a tami-amplrlcai formula It d«v«lop«d 
to calculate th« Impact energy of the moorad »hip on the 
berthing fecllitiei under the action of regular wavei 

AIRCRAFT 
(Alto tee Not. 445, 578) 

83-461 
A Review and Aaaeament of Methode for Prediction 
of the Dynamic Stability of Air Cudiiona 
P.A. Sullivan, M.J. Hinchey, and G.M. Green 

Inst. for Aerospace Studies, Univ. of Toronto, Tor- 

onto, Canada, J. Sound Vib., M 0), PP 337-358 
(Oct 8, 1982) 21 figs, 1 table, 21 refs 

Key Wordt: Ground effect mechlne«. Dynamic ttabilKy, 
Lumped parameter method 

The utafulnett of iumped-parameter linear ttablllty analytet 
for the prediction of dynamic inttabilltiei of air cuthion 
vehicles It explored. The conflguretion contidcrad in detail 
It a tingle plenum chamber constrained to move In heave 
only and which It fed from a fan through a duct. The attump- 
tions and equations typically used In such analytet are 
discussed and their eppilcablltty reviewed. An experiment 
designed to completely eliminate fan dynamic effects accu- 
rately reproduces the predictions of en earlier theoretical 
analysis of the effect of ducting of cushion stability. 

SHIPS 

83463 
Generation of Deaired Signala from Acouatic Drivers 
R. Ramakrishnan, M. Salikuddin, and K.K. Ahuja 

Lockheed-Georgia Co., Marietta, GA 30063, J. Sound 

Vib., SS (1), pp 39-51 (Nov 8, 1982) 9 figs, 18 refs 

Key Words: Aircreft noise. Engine noise. Interior noise 

A general but tyttemetic procedure it developed to control 
trentlent signal generetion for the study of interne! noise 
propegetion from aircreft engines. Transform techniques are 
used In e simple algorithm to produce signals of eny desired 
waveform from acoustic drivers. By a judicious input, the 
accurate driver response function is calculated. From the 
driver response function the limiting frequency cheracteris- 
tics are determined. 

83464 
Exterior Noiae on the Fuaebge of Light Propeller 
Driven Aircraft in Flight 
J. Sulc, J. Hofr, and L. Benda 
Inst. of Thermomechanics, CSAV, Puskinovo nam. 9, 
160 00 Praha 6, Czechoslovakia, J. Sound Vib., Sä 
(1), pp 105-120 (Sept 8, 1982) 20 figs, 1 table, 
15 refs 

83462 
The Impact Energy of a Moored Tanker under the 
Action of Regular Wavea 
Y.-C. Li 
Ocean Engrg. Program, Texas A&M Univ., College 
Station,  TX   77843, J.  Energy  Resources Tech., 
Trans.   ASME,  104 (3), pp 235-240 (Sept 1982) 
5 figs, 11 tables, 11 refs 

Key Words: Aircraft noise. Noise meesurement 

Experimental studies of exterior noise (pressure fluctuations) 
on the fuselage of twin-engined, propeller driven light com- 
merciel eircreft In flight ere described. Measurements ere 
made by means of 31 flush mounted special static pressure 
probes. For the wide renge of test conditions, pressure fluc- 
tuations depending on propeller rotation and on turbulent 
fluctuations on the well ere obtainad. 

Kay Words: Ships, Moorings, Wave forces, Wind-induced 
excitation 

The Influence of factors such as mooring line conditions, 
fender arrangements, dolphin errengements, degree of ship 
loading, wavet of long period, wave direction, and wind on 

83465 
Nonequilibrium Flow 
Uched Shock Wavea 
R.J. Stalker 

over Delta Winga with De- 

SO 

.—- „ 



Univ. of Queensland, Brisbane, Australia, AIAA J., 
2Q (12), pp 1633-1639 (Dec 1982) 9 figs, 10 refs 

Key Wordi: Aircraft wingi. Shock mavei 

An analyiii it made of the effect of ttreamwlN daniity 
rhangei, due to chemical reaction!, on the flow In the «hock 
layer of a medium- to low-a«iact-ratio delta wing at angle« 
of incidence «uch that the «hock wave i« detached from the 
leading edge«. It i« «hown that the flow retain« the enantially 
conical character that li aitociated with the ab*ence of 
denelty change«. Near the midden of the wing, the den«ity 
change« dl«ilace the «hock wave toward the wing «urface 
but do not alter the «hock thape. The diiplacement effect 
predicted by the analy«i« I« confirmed by experiment« in e 
high-enthalpy «hock tunnel. 

A« part of the integration of the U.S. Navy Harpoon Anti- 
Ship Minlle with the A-6 Intruder attack aircraft, flight 
tait« were conducted to mea«ure captive-carry dynamic 
environment«. Catapult launch, arreited landing«, and a 
variety of flight condition« ware invettigated. Acouitlc, 
«hock, and vibration wideband maa«urement« were mede 
at key location« utlng an in«trumanted miuile. Three flight 
configuration« were flown to atten mi««ile environment« 
at different wing «tatlom and to a««e«« the Influence of an 
adjacent «tore. Level flight and maneuver condition« were 
meetured covering a wide range of aircraft «peed« end alti- 
tude«. Thi« paper «ummerize« the environment« meawred 
and diicu«iei the  «ignificant  characteri«tic« of the data. 

MISSILES AND SPACECRAFT 
(AlK) «ee No«. 467, 586, 587) 

83-466 
Longitudinal Control Effectiveneaa and Entry Dy- 
namki of a Single-Stage-to-Orbit Vehicle 
N.X. VinhandC.F. Lin 
Univ. of Michigan, Ann Arbor, Ml, Rept. No. NASA- 
CR-169n9,94pp(1982) 
N82-27351 

Key Word«: Aircraft, Longitudinal «ability, Reentry vehicle« 

The clattical theory of flight dynamic« for airplane longi- 
tudinal «tability and control analyel« I« extended to the ca«e 
of a hypervelocity reentry vehicle. Thi« include« the element« 
inherent in «upertonic and hyper«onic flight «uch a« the 
influence of the Mach number on aerodynamic characteri«- 
tic«, and the effect of the reaction control «y«tem and aero- 
dynamic control« on the trim condition through a wide 
range of «peed. Phugold motion end angle of attack oicilla- 
tion for typical ca«e« of cruiiing flight, bellittic entry, end 
glide entry ere inve«tigated. 

83468 
Evaluation   of  Component   Buildup  Methods for 
Miuile Aerodynamic Predictions 
S.R. Vukelich and J.E. Jenkins 
McDonnell Douglas Astronautics Co., St. Louis, MO, 
J. Spacecraft Rockets, 19 (6), pp 481-488 (Nov/Dec 
1982) 9 figs, 6 tables, 54 refs 

Key Word«: Miuile«, Aerodynamic load«. Prediction tech- 
nique« 

An evaluation of component buildup aerodynamic method« 
for mi««lle detign it pre«ented. The method« pre«ented define 
the methodology which could be incorporated into a hand- 
book and computer program for minlle aerodynamic predic- 
tion«. Selected criteria and recommended aerodynamic pre- 
diction method« for i«olatad component«, interference, 
Inlet/airframe interaction«, vortice«, and propul«ion «y«tem 
effect« are preiented for u«e :n conceptual or preliminary 
de«ign. The method« invettigated include theoretical, «emi- 
empirical, and empirical technique« pre«ently u«ed in in- 
du«try. 

83-467 
Harpoon Missile Captive-Carry Dynamic Environ- 
ments on the A-6E Aircraft 
J.A. Zara, R.W. Elton, and J.L. Gubser 
McDonnell Douglas Astronautics Co., St. Louis, MO, 
J. Environ. Sei., 2§ (5), pp 15-23 (Sept/Oct 1982) 
31 figs, 5 refs 

Key Word«: Mi««ile«, Weapon« «y«tem«, Wing «tore«. Flight 
ten«. Experimental tatt data, Acou«tlc mea«urement, Mee- 
«urement technique«. Shock reipon«e. Vibration maawre- 
ment 

83469 
Optimum Design of Satellite Antenna Stractures 
Subjected to Random Excitations 
V.K.Jha 
Ph.D. Thesis, Concordia Univ., Canada (1982) 

Key Word«: Antenna«, Spacecraft antanna«. Random excite- 
tlon, Optimum deiign, Fatigue life. Natural frequencle«, 
Mode «hepet 
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An ovtrall ttchnlqu« it prtttntid for •nalytii ind optimal 
dMlgn of «ttllltt anttniw uructurai wblaetad to random 
mcltation of arbitrarily varying profllM of powar «aaetral 
daniltloi Tho dtilgn «which rawlti in tha minimum «ructural 
waight yot maatt all tha dailgn raliabillty raqulramantt hat 
batn contidarad at tha optimum dailgn. 

BIOLOGICAL SYSTEMS 

HUMAN 
(AlioiaaNoi.440,610) 

83470 
Aipocta of the Dynamica and ControUablity of 
Large FlexMe Stractuiei 
R.A. Laskin 
Ph.D. Thesis, Columbia Univ., 263 pp (1982) 
DA8222423 

Kay Words: Spactcraft, Baami, Equation! of motion 

This dissertation considers problems of dynamics end control 
of structural systems charecterbed by e high degree of 
flaxlblllty. Structural flexibility typicelly arises in conjunc- 
tion with a structure's large physical extent but it need not 
be confined to such situations. The treatment here empha- 
sbes applications to large flexible vacecreft. Although tha 
approach Is somewhet eclectic, the unifying thraed is the 
mutuel dependence, in practical problems, between system 
dynemics and contro'. 

83472 
Sleep Diaturbance Effects of Traffic  IMoiae - A 
Laboratory Study on After Effecta 
E. Ohrstrom and R. Rylander 
Dept. of Environmental Hygiene, Univ. of Gothen- 
burg, Gothenburg, Sweden, J. Sound Vib., 84 (1), pp 
87-103 (Sept 8,1982) 5 figs, 4 tables, 36 refs 

Kay Words: Traffic noise. Human retponte 

Body movements during sleep and subjective sleep queiity, 
as weil es mood and performence were investigated after 
exposure to intermittent end continuous traffic noise during 
the night. Compered with intermittent noise, continuous 
noise had e significantly smeller effect on sleep quality. The 
results suggest thet increased attention should be paid to 
peak noise levels when stenderds for nocturnal noise ere set. 

83-471 
Itapon« of the STARSAT Satellite to Shock and 
Retrieval   Loadings During the Huron King Test 
F.L. OiMaggio, C. Meyer, J. McCormick, M.L, Baron, 
and I. Sandier 
Weidlinger Associates, Consulting Engineers, New 
York, NY, Shock Vib. Bull., U.S. Naval Res. Lab., 
Proc. 52, Supplement 1, pp 59-64, Oct 1982, 9 figs. 
1 table (52nd Symp. Shock Vib., New Orleans, LA, 
Oct 26-28, 1982, Spons. SVIC, Naval Res. Lab., 
Washington, DC) 

Key Words: Satellites, Shock tests 

A shell structure having a shock mounted STARSAT satel- 
lite was subjected to vertical ground shock excitations 
produced by tha underground explosion. In addition, a 
second loading of the satellite occurred from the require- 
ment of removing tha vehicle containing tha satellite from 
the area in which a subsidence crater was expected to form. 
This paper describes tha pre-ihot enalysls and predictions 
for the response of the STARSAT setellite to both loadings. 

83473 
Criteria for Acceptable Levels of the Shinkanaen 
Super Express Train Noiae and Vibration in Residen- 
tial Areas 
K. Yamanaka, T. Nakagawa, F. Kobayashi, S. Kan- 
ada, M. Tanahashi, T. Muramatsu, and S. Yamada 
Dept. of Public Health, Nagoya Univ. School of 
Medicine, 65 Tsuramai-cho Showaku, Nagoya, 466 
Japan, J. Sound Vib., 84 (4), pp 573-591 (Oct 22, 
1982) 6 figs, 7 tables, 25 refs 

Key Words: Traffic noise. Railroad trains. Human retponte 

A survey of residents living along the Shinkensen Railway 
was conducted by meens of e self-edminlstered heelth ques- 
tlonneke. Geographically corresponding measurements of 
noise level and vibration intensity were elso token. The 
relationship of noise end vibration to positive responses 
related to bodily symptoms, illness and emotional distur- 
bances was analyiad. This study hes produced results indi- 
cating that the maximum permissible noise level should not 
exceed 70 dB(A) in the residential areas. 
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MECHANICAL COMPONENTS Chassis Test Dept, Nissan Motor Co. Ltd., Yokosuka- 
shi, Japan, Intl. J. Vehicle Des., 3,14). PP 411-423 
(Nov1982)15figs,4refs 

ABSORBERSAND ISOLATORS 

83-474 
The Broadband Dynamic Vibration Absorber 
J.B. Hunt and J.-C. Nissen 
Dept. of Mech. Engrg., Univ. of Southampton, South- 

ampton S09 5NH, UK, J. Sound Vib., 83 (4), pp 

573-578 (Aug 22,1982) 7 figs, 10 refs 

Key Word*: Dynamic vibration abtorption (tquipmant) 

Th» limiMd «ffectivtntM of tht linMr panlve dynamic 
vibration abwrbar it deicribad. This it foltowtd by an analy- 
tii producing th« rtvonw of a primary lyitam whan a 
nonlinear toftaning Belleville vring it utad in the «btorber. 
It it thown that th« tupprettion bandwidth can b« doubled 
by thit meant. 

Key Wordt: Sutpention tyttemt (vehiclet), Detign techniquet 

It it known that th« concept of tutpention compliance it 
one of the important par«m«t«rt in achieving batter handling 
performance and improved riding comfort. Th«oretieel and 
experimental analytat were carried out on th« influence of 
the front tu«>ention compliance on tteering thimmy and 
riding comfort. The reultt of the ttudy were applied to the 
front wvMntion detign of th« Bluebird 910. 

83477 
An Experimental Determination of Tranafer Imped- 
ances for Realient Mounts 
R.T. DeWoody 

Ingalls Shipbuilding, Div. of Litton Industries, Pasca- 

goula, MS, Shock Vib. Bull., U.S. Naval Res. Lab., 

Proc. 52, Supplement 1, pp 15-44 (Get 1982) 70 figs, 
10 tables, 10 refs (52nd Symp. Shock Vib., New 

Orleans, LA, Get 26-28, 1981, Spons. SVIC, Naval 
Res. Lab., Washington, DC) 

83-475 

Track Train Dynamics Analyais and Teat Program: 
Locomotive   Dynamic   Gharacterkatica   Summary 
R.L. Berry 
Martin Marietta Aerospace, Denver, CO, Rept. No. 
NASA-CR-162027,83 pp (Apr 1982) 
N82-28224 

Key Wordt: Sutpention tyttemt (vehiclet). Interaction: rail- 
wheel, Locomotivet 

Locomotive mechanical characterittict, track parturbationt, 
and oparational characterittict involving experimentally 
determined tunieniion tyttem paramatert are analyzed. Sut- 
pention bearingt, thock abtorbert, padt, and two- and thr««- 
axla truckt are comparatively evaluated with reject to loco- 
motive detign. 

83-476 
Design Concept of Front Suspenaion Compli 
Application to the Bluebird 910 with Examinction 
of Steering Shimmy 
A. Inaba and M. Miyajima 

Key Wordt: Mountingt, Vibration itolatort. Shipboard me- 
ch inery 

Retilient mountt are utad in thipboard itolation tyttemt to 
reduce the ttructureborne noite trantmittad to the hull from 
machinery. The trantfer impedencet of retilient mountt are 
needed to determine the trantmittad noite. Thit ttudy deelt 
with the experimental determination of the trantfer imped- 
encet for Navy and commercial typat of retilient mountt A 
mount text fixture wat detigned and constructed. Force 
and acceleration data ware recorded on the input and output 
tidet of the mount under tett. 

83478 
A Note on Support Vibrations of a Slider-Crank 
Mechaninn 
J.E. JaskieandD. Kohli 
Univ. of Wisconsin, Milwaukee, Wl, ASME Paper No. 
82-DET-76 

Kay Wordt: Supportt, Slider crank mechanitmt 

Thit paper derivet the equationt of motion through Euler- 
Lagrangian formulation for the cata of a tlider-crank mech- 
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■nivn on f IM kit wppon«. ThM* nonllnw tquMlorw ww» 
■I» ■pproMknatMl by using thi trunemd Taylor wrlti 
■pproximnlon ■bout th# rigid body motion. 

83479 
A Guide to Seieetng Powertnin Iniatora 
R. Racca, Sr. 
Barry Controls, Automotive Engineering (SAE) 
90 (11), pp 68-74 (Nov 1982) 8 figs (Based on 
SAE Paper No. 821095) 

Kty Words: Vibration absorption (squiprntnt), Anttnnas, 
Spaewraf t antannas 

A stonpla mathod of ilzint a vibration absorbar for a larga, 
cantllavarad flaxlblt mast is prastntad. Tht mathod is basod 
on Dan Hartog's vibration absorbar thaory for two-dagraa-of- 
fraadom systams. Ganaralizad daslgn curvas ara prasantsd 
as «vail as *>aelfle numarleal rtsuits for a caitdldata spaca 
axparlmant In which a long flax Ibis antanna mast Is attachad 
to tha shuttla orbitsr and dynamically axcitad by orbitar 
accalaratlons. 

Ksy Words: Isolators, Vibration isolators. Motor vahlcla 
anginas, Orivallna vibration 

Ths factors Involvad In tha ssiaetion of powartraln isolators 
ara dlscussad. Tha artlcla daals with pralbnlnary dasign 
factors and dascrlbas mounting raqulramtnts. Isolator saisc- 
tksn raquirementi ara also anumaratad. 

83482 
Auiyaa and Design of Two Dqpee-of-Freedoin Vi- 
bration Absorber for Reducing the Three Oimen- 
sional X, Y, 0 Reaonancea 
Y. Okada, M. Kurata, and H.J. Yang 
Ibaraki Univ., Hitachi, Japan, ASME Paper No. 82- 
DET-104 

83480 
Optimal   Vibration  Reduction over a  Frequency 
Range 
W.D. Pilkey, L. Kitis, and B.P. Wang 
Dept.  of Mech. and Aerospace Engrg.,  Univ. of 
Virginia, Charlottesville, VA 22901, Shock Vib. Dig., 
H (11), pp 19-27 (Nov 1982) 9 figs, 28 refs 

Kay Words: Vibration absorption (aqulpmant). Vibration 
control. Harmonic excitation, Ravlaws 

This is a review of optimal vbratlon reduction techniques for 
systems subject to harmonic excitation over a frequency 
range. Only passive means of control ara considered. The 
objective functions used for optimization are restricted to 
those that relate directly to some measure of frequency 
reqranse. Other common opthnixation goals such as weight 
minimization with mponse constraints are not included in 
this survey. 

Key Words: Dynamic vbratlon absorption (equipment). 
Vibration absorption (equipment). Modal damping 

One of the effective means of increasing modal damping is 
by the use of dynemic vbratlon absorbers. However, mis- 
matching will result in a severe deterioration in performance. 
This paper Introduces a two degrea-of-fraedom vbratlon 
damper which has two damper masses coupled serlelly to tha 
main structure. Analyzing tha various damper parameters, 
two dasign methods were calculated: the first determines tha 
auxiliary system peremeters so that tha main structure has 
the lowest peak resonances; the other is besed on the philos- 
ophy that a damper's performance should bo less sensitive 
to parameter changes 

83483 
bobting Shock and Vibration 
C. Gilbert and H. LeKuch 
Aeroflex  Laboratories, Inc., Plainview, NY, Mech. 
Engrg., 104 (10), pp 58-63 (Oct 1982) 5 figs 

83481 
Preliminary Siring of Vibration Absorber for Space 
Mast Structurea 
M.F. Card, H.G. McComb, Jr., and S.W. Peebles 
NASA Langley Res. Ctr., Hampton, VA, Rept. No. 
NASA-TM-84488, 31 pp (May 1982) 
N82-28346 

Key Words: Isolator^ Shock isolators. Vibration isolators. 
Elastomers, Helical »rings 

A guide for vx. ('ig isolators for electronic systems, instru- 
mentation, ano other sensitive equipment, particularly under 
severe service condition^ Is presented. A typical vbratlon 
or shock Isolator consists of a resilient element generally 
housed In a metallic supporting frame. Among the resilient 
elements, the serious contenders for severe service applica- 
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tloni art •laitomtri and win ropt, tomttimn callid hdleal 
ccbl« mounts. Tht charicttrlitici of iiolatofi with thaw 
two typt» of rtiiltont •iamanti ara dlKuntd. 

Dept, of Mech. Engrg., Univ, of Vermont, Burlington, 
VT 05405, J. Sound Vib., 84 (1), pp 1-9 (Sept 8, 
198^)7figs,8refs 

Kay Wordi: Shock liolatori, Pntumatlc itolaton, Pnaumatic 

83484 
Perfomuiee of Different Kinda of Dual Phaae Damp- 
mt Shock Mounto 
R.R. Guntur and S. Sankar 
Dept. of Mech. Engrg., Union College, Schenectady, 
NY, J. Sound Vib., 84 (2), pp 253-267 (Sept 22, 
1982) 15figs. Stables, 7 rets 

Tha anaiyiii of rnponm of a pnaumatic »hock iwlator to 
bata accalaration of ractangular and half-tin« shape Is de- 
scrlbad. Tha isolator consists of a pnaumatic damper In 
parallel with a linear «>ring. The equations of motion are 
cast into nondknensional form by defining dlmensionless 
parameters eormpondlng to men, stiffness and aree. Steps 
for optimum system design are given. 

Key Words:  Shock isolators. Dampers, Design techniques 

A detailed performance analysis of six different kinds of 
dual phase damping shock mounts is presented. The conclu- 
sions of this study are of interest to engineers concerned 
with the design of shock mounts. The results also contain 
important clues which may be useful In guiding future 
research workers in the development of e theory of the 
optimization of nonlinear damping. 

SPRINGS 
(See No. 646) 

TIRES AND WHEELS 

83485 
MX-MPS Uuncher Shock laolation System Develop- 
meat 
A.A. Rogener 
Martin Marietta Corp., Denver, CO, Shock Vib. Bull., 
U.S. Naval Res. Lab., Proc. 52, Supplement 1, pp 
65-94 (Oct 1982) 37 figs, 6 tables (52nd Symp. 
Shock Vib., New Orleans, LA, Oct 26-28, 1981, 
Sponi  SVIC, Naval  Res.  Lab., Washington, DC) 

Key Words: Shock isolators, Protective shelters. Missile 
launchers 

A detailed description of the MX multiple protective struc- 
ture launcher shock isolation system development is pro- 
vided. Included is tha process of selecting the type of liquid 
«ring/dampar design based on the nuclser weapon environ- 
ment and preset design driven This Includes missile allow- 
ables, protective structure allowable rattle »ace, and launch- 
er size. Tha design of tha system Is provided and the con- 
ceptual design hardware isdascrbed. 

83487 
EvahiatioB of a Smulated Road Texture for the 
Teaft* of Tire/Road Noise 
E. Stusnlck and K.J. Plotkin 
Wyle Labs., Wyle Res., Arlington, 
WR-82-3,   EPA-550/9-82-332,  84 
PB82-250127 

VA, Rept.  No. 
pp  (Mar  1982) 

Key Words: Interaction: tire-pevement. Noise generation. 
Test facilities 

As part of a project to study tire/road noise, e laboratory 
roedwheel facility was equipped with replica road surfaces. 
To evaluate the effect of pavement texture, end to establish 
tha realism of the replica surfaces, a series of near-field 
measurements of noise from four heavy truck tires were 
made on the replice surfeces end on moving tests on the real 
surfaces; 

83486 
Paarive Pneumatic Shock Isolator: Analyaii and De- 

M.S. Hundal 

83488 
A Unified Set of Models for Tire/Road Noise Genera- 
tion 
K.J. Plotkin and E. Stusnick 
Wyle Labs./Wyie Research, Arlington, VA, Rept. No. 
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WR-81-26, EPA-550/9-82-345, 63 pp (July 1981) 
PB82-250150 

Kay  Wordi:   Interaction:   tirt-pavament, Noiia ganaration 

A tat of theoretical modelt hat bean prepared which da- 
•cribat the noiw ganeratuc by tire/road Interaction. The 
mechanlvni contidered are air pumping and carcau vibra- 
tion. 

A itudy of the affect! of banding-tonlon interaction of the 
flutter boundariai of turbomachlnery blading it preiented. 
The blade« are modeled ai äquivalent lectiont, and the 
equations of motion allow for the general caw of structural, 
inertial and aerodynamic coupling, in the pretence of struc- 
tural damping. Two different speed regimes are investigated: 
incomprettible flow, end supersonic flow with a tubtonic 
leading edge locus. Flutter boundaries are presented for 
cascade detign parameters representative of current tech- 
nology fan rotors. 

BLADES 
(Alto tee No. 6561 

83489 
The Influence of Blade Number Ratio and Blade Row 
Spacing on Axial-Flow Compresaor Stator Blade Dy- 
namic Load and Stage Sound Prenure Level 
H.E. Gallus, H. Grollius, and J. Lambertz 
Inst. for Jet Propulsion and Turbomachines, Tech- 
nical Univ. Aachen, W. Germany, J. Engrg. Power, 
Trans.  ASME,  1Q4   (3),  pp 633-641   (July  1982) 
20 figs, 14refs 

Key Words: Blades, Turbomachlnery, Comprettort, Inter- 
action: rotor-stator, Sound pratture levels 

In axial-flow turbomachinet considerable dynamic blade 
loadt and noise production occur as a result of the unsteady 
blade row interaction between rotor and stator blades. This 
paper presents results of mldspan measurements of the 
dynamic pratture distribution on the stator blade surface 
(fixed number of blades) for various rotor-blade numbers 
and various axial clearances between rotor and stator. 

83-490 
The Effect of Bending-Toraon Coupling on Fan and 
Compremr Blade Flutter 
0.0. Bendiksenand P.P. Friedmann 
Dept. of Aerospace Engrg., Univ. of Southern Cali- 
fornia,  Los Angeles, CA 90007, J. Engrg. Power, 
Trans. ASME, J04 (3), pp 617-623 (July 1982) 13 
figs, 26 refs 

Kay Words: Blades, Fan bladet. Compressor blades, Turbo- 
machinery blades. Flutter, Coupled response, Flexural vibra- 
tion, Torsional vibration 

83491 
Superaonic Stall Flutter of High-Speed Fane 
J.J. Adamczyk, W. Stevans, and R. Jutras 
NASA  Lewis Res. Ctr., Cleveland, OH 44135, J. 
Engrg. Power, Trans. ASME, 104 (3), pp 675-682 
(July 1982) 11 figs, 11 refs 

Kay Words: Blades, Fans, Flutter, Compressors 

An analytical model is developed for predicting the onset of 
supersonic stall bending flutter in axial-flow comprettort. 
The analysis is based on a modified two-dimensional, com- 
pressible, unsteady actuator ditk theory. It it applied to a 
rotor blade row by considering a cascade of airfoils whose 
geometry and dynamic response coincide with those of a 
rotor blade element at BS percent of the span height (mea- 
sured from the hub). 

83492 
Non-Linear Flapping Vibrations of Rotating Blades 
C. Venkatesan and V.T. Nagaraj 
Dept. of Aeronautics, Indian Inst. of Science, Banga- 
lore-560012, India, J. Sound Vib., 84 W, PP 549- 
556 (Oct 22, 1982) 2 figs, 17 refs 

Key Words:   Bladet, Propeller bladet. Natural frequencies 

The nonlinear equations of motion of a rotating blade under- 
going extentlonal and f lapwite bending vibrations are derived. 
The strain-displacement relationship derived is compared 
with exprettlont derived by earlier investigators and the 
errors and the approximations made in some of those are 
brought out. The equations of motion are solved under the 
inextenstonality condition to obtain the influence of the 
emplitude on the fundamental flapwise natural frequency 
of the rotating blade. 
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83493 
Application of the Reiiuwr Method to Derive the 
Coupled   Bending-Toraon   Equationi of Dynamic 
Motion of Rotating Pretwiated Cantilever Blading 
with Allowance for Shear Deflection, Rotary Inertia, 
Warping and Thermal Effects 
K.B. Subrahmanyam, S.V. Kulkarni, and J.S. Rao 
Dept. of Mech. Engrg., NBKR Inst. of Science and 

Tech., Vidyanagar -- 524 413, India, J. Sound Vib., 

84 (2), pp 223-240 (Sept 22, 1982) 2 figs, 3 tables, 
37 refs 

Key Word«: Blade«, Coupled re«pon«e, Flexural vibration, 
Tortional vibration, Trantverte «hear deformation effect«. 
Rotary inertia effect«. Warping, Temperature effect«, Rei«- 
«ner method 

The dynamic Reinner functional in conjunction with varia- 
tional calculus ha« been employed to derive the equation« 
of motion of pretwitted cantilever blade« of atymmatric 
aerofoil cro«« «action. Shear deflection, rotary inertia, warp- 
ing, thermal and rotational effect« are con«idered, with the 
blade a««umed to be mounted on a rotating di«c at a «tagger 
angle. It it ob«erved that the thermal bending and twining 
moment« form an implicit «at of additional term« in the 
reipective conventional equetion« and further that these 
equation« appear to be unwieldy when pretwitt i« present. 

BEARINGS 
(Also see Nos. 620,660) 

83494 
Flange Loads Meawrementa in a Cylindrical Roller 
Bearing 
T.A. Dowand J.W. Kannel 

Battelle, Columbus Laboratories, Columbus, OH 
43201, J. Lubric. Tech., Trans. ASME, J04 (3), pp 

321-326 (July 1982) 12 figs, 12 refs 

Key Word«: Bearing«, Cylindrical bearing«. Turbine compo- 
nent« 

A method of meewring the forces between a roller and the 
guide flange in a turbine main «haft bearing ha« been devel- 
oped. Experimental measurements of theae force« were 
made for e nonpreloaded bearing with nominelly balanced 
roller« and al«o Intentionally unbalanced roller«. The bearing 
wa« radially loaded end meewrement« of the flange forces 
were made with the roller«, both in and out of the loaded 
region. Two different lubricants were «tudied, and signifi- 
cantly different flange force« were meawred a« a result of 
the change in viscosity. 

83495 
Effect of Grain Flow OrienUtion on Rollng Contact 
Fatigue Life of AIS1M-S0 
A.H. Nahm 

Aircraft Engine Business Group, General Electric Co., 

Cincinnati, OH 45215, J. Lubric. Tech., Trans. 
ASME, 104 (3), pp 330-335 (July 1982) 8 figs, 7 refs 

Key Words: Bearing«, Rolling contact bearing«. Fatigue life 

Accelerated rolling contact fatigue te«t« were conducted to 
study the effect of grain flow orientation on the rolling 
contact fatigue life of vacuum Induction melted and vacuum 
arc remelted AISI M-60. Cylindrical test bar« were prepared 
from a billet with 0, 46, and 90 deg orientation« relative to 
billet forging flow direction. It we« ob«erved that rolling 
contact fatigue life increaied when grein flow line direction 
became more parallel to the rolling contact «urface. 

83496 
A Unified Model for Rolling Contact Life Prediction 
T.E. Tallian 

SKF Industries, Inc., King of Prussia, PA 19406, J. 

Lubric. Tech., Trans. ASME, 104 (3), pp 336-346 

(July 1982) 3 figs, 17 refs 

Key Word«: Bearing«, Rolling contact bearing«. Fatigue life 

Systematizing a ten-year development of engineering models 
for the prediction of rolling contact fatigue life distribution«, 
a unified model i« prewnted. Beted on e creek growth rate 
relationship with local plastic «train and ductility, and on 
defect population« in the contact material and at the contact 
«urface«, the model predict« life of e defect, then generalize« 
to roiling body life. Subsurface and «urface failure mode« 
are considered; the effect« of material matrix, defect severity, 
«treu condition, surfece traction, and asperity interaction« 
ere encompassed. 

83497 
An Inveatigation of Free Rolling Resistance at Light 
Loada 
P.H. Markho 
Dept. of Mech., Marine and Production Engrg., Liver- 

pool Polytechnic, UK, J. Lubric. Tech., Trans. ASME, 

104 (3), pp 376-381 (July 1982) 5 figs, 23 refs 

Key Words: Balls, Ball bearing«. Rolling friction 

This paper presents the retults of an Investigation into the 
resistance to free rolling, under light loads, of a ball bearing 
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tall on ■ flat track of unhardtnod En 31 itaal using a pandu- 
lum arrangamant in partial vacuum (MO Pa). Tha affaet of 
air ratlitanea (from axparhnanti conductad In air) lidamon- 
itratad and rawlti of tatti at dlffarant fraquanclaiand loads 
ara praiantad. Thaw Inckida aitlmatat of tha affactlva 
hyitaraili Ion factor and of tha coofflclant of rolling raiit- 

8349B 
Roller Skewing Behavior in Roller Bearinga 
L.J. Nypan 
California State Univ., Northridge, CA 91330, J. 
Lubric. Tech., Trans. ASME, J04 (3), pp 311-320 
(July 1982) 7 figs, 9 refs 

Southwest Res. Inst., San Antonio, TX 78284, J. 
Lubric. Tech., Trans, ASME, 104 (3), pp 300-310 
(July 1982) 11 figs, 3 tables, 34 refs 

Kay Wordi: Baarlng«, Rolling contact baarlngi. Fatigue life 

Comprahamlva NOE data have bean acquired on approxi- 
mately 1000 main ihaft ball bearings used in J67/TF33 
gas turbine anginas by processing through the Automated 
Bearing Inspection System, Mark I CIBLE. Bearing service 
hours ranged from zero (new) to approximately 13,000 hr; 
Inclusions and service induced cracks ware detected in e 
significant number of components. Endurance testing as 
wall as metallurgical sectioning and scanning electron micro- 
scope Investigations ware used in correlation analyses. 

Key Words: Bearings, Roller bearings, Alignment 

Measurements of roller skewing of a 1.16 length to diameter 
ratio roller In 118 mm bore roller bearings of 0.18 and 0.21 
mm (0.0073 and 0.0083 In.) clearance operating with a 
4480 N (1000 lb) radial load at shaft speeds of 4000,8000, 
and 12,000 rpm with outer race misalignment of 0,0.6, and 
-0.6 deg ara reported. 

83-501 
An Aiudyaia of Dynamic Characteriatics of Turbulent 
Journel Bearinp Conaidering Inertia Forces 
H. Hashimoto and S. Wada 
Tokai Univ., Hiratsuka-shi-Kanagawa, Japan, Bull. 

JSME,_25 (208), pp 1601-1609 (Oct 1982) 7 figs, 

8 refs 

83499 
Effects of Ultra-Clean and Centrifugal Filtration on 
RoUi^-Qenient Bearing Life 
S.H. Loewenthal, D.W. Meyer, and W.M. Needelman 
NASA Lewis Res. Ctr., Cleveland, OH 44135, J. 
Lubric. Tech., Trans. ASME, J04 (3), pp 283-292 
(July 1982) 5 figs, 6 tables, 20 refs 

Key Words: Bearings, Journal bearings. Fluid-film bearings, 
Inertlal forces. Spring constants. Damping coefficients 

A means of handling both turbulent and inertia effects on 
the dynamic characteristics of finite width journel bearings 
Is presented. In the analysis turbulence is treeted by means 
of turbulent coefficients end inertia forces ere approximated 
by mean velocities averaged across the fluid film. Assuming 
a small displacement of journel center, the dynamic coeffi- 
cients such as spring, damping and acceleration coefficients 
and the onset whirl frequencies of rotors are computed. 

Key Words: Bearings, Rolling contact bearings. Ball bearings. 
Lubrication, Fatigue tests 

Fatigue tests ware conductad on groups of 66-millimeter 
bore diameter deep-groove bell bearings In a MIL-L-23699 
lubricant under two levels of filtration. These tests were 
Intended to determine tha upper limit In baarlng life under 
the strictest possible lubricant cleanliness conditions. 

83-502 
Optimum Deaign of Squeeze-Film Damper Bearings 
R.A. Cookson and S.S. Kossa 
School of Mech.  Engrg., Cranfield Inst. of Tech., 
UK, Engineering Research and Design - Bridging the 
Gap, Instn. Mech. Engrs. Conf. Publ. 1981-7, pp 31- 
37, C229/81,6 figs, 2 tables, 14 refs 

83-500 
Incluaiona and Service Induced Cncka in a Mature 
Population of Gaa Turbine Engine Bearinga 
J.R. Barton, F.N. Kusenberger, and B.B. Baber 

Kay Words: Bearings, Squeeze-film dampers. Optimum design 

A program of research Into the operation of the squeeze- 
film damper bearing and Its effectiveness has Indicated thet 
optimum effectiveness of the device can be achieved for 
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cirttin combination! of the bMring partmtttri. Some of 
thn« rtnarch findingi art Includad in thii paptr, togtthtr 
with tht racommandad design parameter! which hive devel- 
oped from thii work. It shouid now be ponibii for the 
de!lgncr of a iquaaze-f ilm damper bearing to achieve a signifi- 
cant degree of vibration attenuation by anairing that the 
properties of his damper conform to the recommended 
values. 

83-505 
Analytical and Experimental Inveatigation of Mag- 
netic Support Syatema. Part II: Experimental Inveati- 
gation 
P.R. Albrecht, J. Walowit, and 0. Pinkus 

Mechanical   Technology,   Inc.,  968 Albany-Shaker 

Rd.,  Latham,  NY 12110, J. Lubrlc. Tech., Trans. 

ASME, J04 (3), pp 429-437 (July 1982) 17 figs, 1 ref 

83-503 
Clarification of Lubricant Frothing and the Determi- 
nation of the Mean Filling Ratio in Plain Bearings 
Subjected to Dynamic Loads (Beitrag sur Klärung 
der Schmieritoffverichäumung sowie der Fulhtngs- 
gradeimitthing in dynamisch belasteten Gleitlagern) 
H. Peeken and A. Kohler 
VDI Z., 124 (20), pp 783-789 (1982) 17 figs, 11 refs 

Key Words: Magnetic bearings. Magnetic suspenilon tech- 
nique! 

An experimental apparatus wti developed for measuring 
forces and fluxes in the gap between magnetic surfaces. A 
test progrem, conducted for both aligned end misaligned 
teeth, showed vary good agreement between the analytical 
expressions developed in a companion paper and the present 
test results. This agreement was found to prevail even et 
relatively high flux level! end a high degree of misalignment. 

Key Words: Bearings, Plain bearings, Lubrication 

This article elucidates the Influence of frothing on the gap 
filling conditions in a plain bearing that is subjected to 
dynamic loads and also states e procedure by which it is 
possible to determine lubricating gap areas of a short plain 
bearing that are incompletely filled with en incompressible 
liquid. 

83-504 
Analytical and Experimental Investigation of Mag- 
netic Support Systems. Part 1: Analysis 
J.A. Walowit and O. Pinkus 

Mechanical Technology Inc., 968 Albany-Shaker Rd., 

Latham, NY 12110, J. Lubr... Tech., Trans. ASME, 

104 (3). pp 418-428 (July 19Ü2) 19 figs, 6 refs 

Key Words: Magnetic bearings. Magnetic suspension tech- 
niques 

Analytical and experimental studies on the fundamental 
relationships governing the forces in an axially active, trans- 
versely passive electro-magnetic support system are reported. 
By the use of some simplifying assumptions regarding the 
boundary conditions, solutions are obtained by meens of a 
Schwsrz-Chrlstoffel transformation, which provides the 
field forces as a function of the relevant geometric and 
magnetic parameters. The existence of optimum geometric 
configurations for stiffness and tangential force per given 
surface area Is established and the analysis provides criteria 
for determining these configurations. 

GEARS 

83-506 
Dynamic Behaviour of Geared Systems with Backladi 
Due to Stick-Slip Vibratory Motion 
D. Michalopoulosand A. Dimarogonas 
School of Engrg., Univ. of Patras, Patras, Greece, 
Wear, 81, pp 135-143 (1982) 6 figs, 11 refs 

Key  Words:  Gears, Stick-slip response,  Backlash  effects 

Stick-slip phenomena occur with low speed rotors in fluid 
bearings. A typical case is the turning gear mechanism of 
large turbomachinery which becomes vulnerable to damage. 
In other cases such as rolling mills or textile machinery the 
!tlck-!lip phenomenon Influences product quality. An ana- 
lytical investigation of a linear rotor with a complex turning 
gear system of many degrees of freedom is presented. Gearing 
backlash was Included in the model. The mechanism of 
backlash was found to be of considerable importance for the 
appearance of Instability. Velocity and damping were the 
most Influential factors on the amplitude of stick-slip motion 
and instability. 

COUPLINGS 

83-507 
The Toraonal EffecU of Using Heavy Fuels in Diesel 
Power Systems 
R.J. Hagler and B.W. Hoffman 
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American Vulkan Corp., P.O. Drawer 673, Winter 

Haven, FL 33880, Proc. Natl. Conf. on Power Trans- 

miulon, 9th Annual Mtg., Houston, TX, Nov 16-18, 

1982, pp 233-235, 4 figs 

Kty Wordr Coupling«, Tonional vibration, DitMl anglnai. 
Lubrication 

Dlaitl tngln« manufacturer», a* wall a« oparaton of the 
aquipmant, hava baan concantratlng on raduclng oparating 
com by raduclng rotating walght, higher horiapowar output 
par cylinder and using lower grade fuel». Thaw chengei have 
reiulted in changing the method of approaching the tonional 
calculation from the view of a perfect tyitem, uniform 
output per cylinder, to tue condition where one cylinder 
hai no fuel injected Into the chamber (mliflra) but the 
cylinder itlll compreüei the gat The rawlti of theie ceicu- 
latlom and their effect! on coupling »election are dlecuned 
and compared with field meaaurament». 

Key Word»: Mechanivn», Finite element technique, Com- 
puter-aided technique 

Automated computer technique uiing planar irregular Una 
element i» developed for dynamic force, torque, »tre»», and 
deflection analyil» of »Ingle degree of freedom planar mach- 
»nltmi. A mechanijm can hava any number of link», any 
ihapa of link», and any type of planar kinematic pair, and 
may be «ibjected to externally applied and Inertlal force» 
and moment». 

88410 
Dynamic Initability of the Elaatk Coupler of a Four- 
Bar Meehanian 
M.C. Constantlnou and I.G. Tadjbakhsh 

Rensselaer Polytechnic lost., Troy, NY, ASME Paper 

No. 82-DET-6 

83-508 

Lateral Vibration Conaderationa in Coupling Selec- 
tion 
R.L. Eshleman and H. Schwerdlin 

Vibration Institute, Clarendon Hills, IL, Proc. Natl. 

Conf.  on Power  Transmission,  9th  Annual Mtg., 

Houston, TX, Nov 16-18, 1982, pp 225-231, 8 figs, 

3 tables, 4 rets 

Key Word*: Coupling», Netural frequencie», Leterel vibration, 
Coupled «y ttemi 

Technique» for obtaining lateral natural frequencie» of 
coupled mechenical «y»temt are diacuttad. The effect of 
coupling »election on lateral frequencie» i» coraktered in 
mathematical modal» of mechanical tyttemt. Te«t» to obtain 
phyaical data are dlicuited along with the formulae to calcu- 
late natural frequencie«. The technique» are applied to a 
motor blower tyttem. 

LINKAGES 

83-509 
Computer-Aided Dynamic Force, Streaa, and Groaa- 
Motion Reiponae Analysea of Planar Medtaniama 
Uainf Finite Line Element Technique 
C. Baggi and J. Abounassif 
Tennessee   Technological   Univ.,   Cookeville,   TN, 
ASME Paper No. 82-DET-11 

Key Word»: Four bar mecharvitm«. Dynamic ttability 

The dynamic «tability of a four-bar mechanitm i« invetti- 
gated. Region» of inetabillty are given for e variety of the 
geometry parameter» of the mechanitm. Deflection» of the 
firit mode of the coupler are calculated. Consideration of 
higher mode» i» shown to be of negligible influence. 

83-511 
A Note on the Effect of Foundation Motion Upon 
the Reaponae of Flexible Linkage» 
C.K. Sung and B.S. Thompson 

Wayne State Univ., Detroit, Ml, ASME Paper No. 

82-DET-26 

Key Word»: Linkage», Vibrating foundations 

The classical ataumption« employed in the design of linkage» 
are that thaw mechaniem» comprise an assemblage of rigid 
bodies located on a «tationary foundation. The limitation» 
of thi» statement are examined by modeling flexible planar 
linkage« on foundation» vibrating in the plane of the mech- 
anism. The elattic coupler and rocker links are assumed 
to deform principally in flexure in the plane of the mech- 
anitm and the foundation motion It taken to be purely 
sinusoidal. 

83-512 

Generation of Elaatk Streaa Waves at a Comer Junc- 

tion of Square Roda 

K.H.Yong and K.J.Atkins 
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f 

Gang-Nail Australia  Limited, Singapore, J, Sound 
Vlb., 84 (3), pp 431 -441 (Oct 8,1982) 6 f lg$, 11 refs 

Kay Wordi:  Rodi, Joint* (Junctioni), Way« propwtlon, 
Eliitlc wtvii, Pulw (xcttatlon 

Fouritr ttchnlqu«i art und to pradict tha tranmlttad and 
raf lactad wavat at an L-joint in rodi of tquara crou-wction. 
Tha axpraNloni for both longitudinal and flaxural wava 
componanti ara darlvad for a varlabla angia of connaetlon 
for tha rodi. Thaw componanti ara avaluatad for a 90 
angia of connaetlon and an arbitrary longitudinal input 
pulw. Tha pradlctad wavai ara eomparad with axparlmantal 
rau Iti at a numbar of location! «May from tha Joint for an 
input pulw with wavalangtht which ara larga eomparad with 
tha croM-Mctlonal dhnamloni of tha rods. Good agraamant 
li obtainad for all wavat. 

VALVES 
(Sat No. 548) 

88-514 
Kinenutk, Static and Dynamic Invaitiiationa of a 
Plane Single-Loop Kinenutie Chain with Prianatic 
Joints 
Y.I. Yankov 
Higher lost, for Mining and Geological Engrg., Sofia 
1156, Bulgaria, Mach. Mach. Theory, 12 (5), pp 
313-319 (1982) 6 figs, 6 refs 

Kay Wordi: Chaini 

A plan* »Ingla-loop cloaad klnamatlc chain with priimatlc 
joint! and many dagrtt* of fraadom ii itudiad. Some formu- 
la* axpranlng tha dlapiacamant, tha vtlocitln and tha accel- 
eration* of an arbitrary order of tha link* by mean* of 
ganarallzad coordinate*; I.e., the di*tance* between the *lideri 
of the adjacent link*, and their derivative* reflectively ara 
obtainad making u*e of tha intrln*lc trammiuion function*. 
Tha aquation* connecting the effective force* applied to 
every two adjacent link* are derived for the itate of equilib- 
rium of the kinematic chain by applying the principle of 
virtual work. Tha differential equation* for the movement 
of the kinematic chain are obtained. 

STRUCTURAL COMPONENTS 
CABLES 

(AI*OMtNo.456) 

STRINGS AND ROPES 

83-515 
Modal Stiff neaaea of a Pretenaoned Cable Net 
C.R. Calladine 

Dept. of Engrg., Univ. of Cambridge, Cambridge 

CB2 1PZ, UK, Intl. J. Solids Struc, ]8 (10), pp 

829-846 (1982) 8 figs, 8 refs 

83-513 
On the Dynamics of Constrained Muhibody Systems 
J.W. Kamman 
Ph.D. Thesis, Univ. of Cincinnati, 183 pp (1982) 
DA 8223050 

Kay Word*: Chain*, Computer program* 

Tha governing aquation* for conitralnod muitibody «yitem* 
ara formulttad In a manner «iltabla for their automated, 
numerical development and aohitlon. Specifically, the cloied 
loop problem of muitibody chain lyttema It tddrtntd. The 
governing equation* art developed by modifying dynamical 
aquation* obtainad from Legrange'* form of d'Alembert'» 
principle. This modification, which I* baaed upon a »lution 
of tha coratraint equetion* through a zero eigenvalue* 
theorem, I* in effect a contraction of tha dynamical equa- 
tion*. 

Key Word*: Cablet, Modal analy*!*, Stlffne** coefficient* 

Thl* paper I* concarntd with tht ttructurti mtchtnic* of 
prtttntiontd taddla-thapad cable net*. Such net* are nor- 
mally regarded a* being nonlinear *y(tem*; but It i* *hown 
that their behavior may be deicribed Nti*fectorlly in term* 
of two dlttinct, and practically Independent, *et* of exten- 
alonal and Inaxtantionti mod**. Etch *tt of mode« mty be 
ttudied by metn* of «uittble ilnttr tntlyiii, and tht tlgtn- 
modt* may be found without difficulty. 

BARS AND RODS 
(AlaoteeNo. 512) 

83-516 
Vibrations of Vertical Rode with an Attached Maa 
H. Salto, S. Chonan, and T. Kobari 
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Dept. of Mech. Engrg., Tohoku Univ., Sendai, Japan, 

J. Sound Vib.,£4 (4), pp 519-527 (Oct 22, 1982) 

8 figs, 3 refs 

Kty Word* Rods, Mm-bnm tyitemi. Natural fraquanciai, 
Timothanko theory 

Fraa flaxural vlbratlom of vertical rodi having an attached 
matt at an intermediate point and different end conttraintt 
era invattigatcd, with contidaration of the axial force owing 
to the weight of a man. The frequency equation it derived 
on the batit of Timothenko beam theory. The firtt and 
tecond natural frequenciet are obtained numerically and 
compared with thoie of rodt which have no axial force due 
to gravity. 

(Alto i 
BEAMS 

• Not. 470,481,648,657) 

83-517 
Natural Frequenciet for Out-of-Plane Vibrations of 
Curved Bean» on Elaitk Foundations 
T.M. Wang and W.F. Brannen 
Dept.  of Civil  Engrg.,  Univ. of New Hampshire, 

Durham,  NH 03824, J.  Sound Vib., M (2), PP 

241-246 (Sept 22,1982) 2 figs, 12 refs 

Methods are detcribad for calculation of natural frequenciet 
and mode thapat of a cantilever beam with a bate excitation 
and tip matt whota canter of gravity doat not coincide with 
the point of attachment. Exact axprettioni for natural fre- 
quenciet and mode thapat are derived. Some typical raiulti 
are pretented. 

83.519 
An Investigation of the Beam Impact Problem 
G. Hughes and D.M. Speirs 
Cement and Concrete Association, Slough, UK, Rept. 

No. TR-546,  ISBN-0-7210-1246-9,  120 pp (1982) 

PB82-251174 

Key Words: Beemt, Reinforced concrete. Impact ittponie, 
Impact teitt 

Thit report detcribet 80 impact tettt on pin-ended reinforced 
concrete beams and 12 tettt on »imply tupported reinforced 
concrete beemt. For each tett, the impact force history and 
beam displacements were measured. Various models of the 
impact are discussed. 

Key Words: Beams, Curved beams. Elastic foundations. 
Natural frequencies 

A study of the natural out-of-plane vibrations of circular 
curved beams on elastic foundations is presented. The fre- 
quency equation is derived for a clampad-clampad beam 
and numerical results are given to show the effects of the 
opening angle of the curved beam and foundation constants 
on the natural frequencies of the beam. 

83-520 
Beam Bending-Toraon Dynamic Stiffness Method for 
Calculation of Exact Vibration Modes 
W.L. Hallauer, Jr. and R.Y.L. Liu 
Dept. of Aerospace and Ocean Engrg., Virginia Poly- 

technic Inst. and State Univ., Blacksburg, VA 24061, 

J. Sound Vib., £5 (1). pp 105-113 (Nov 8, 1982) 

3 figs, 1 table, 19 refs 

83-S18 
Vibration of a Cantilever Beam with a Baae Excila 
tkm and Tip Mass 
C.W.S. To 
Dept. of Mech. Engrg., Univ. 
Alberta, Canada T2N 1N4, J. 
pp 445460 (Aug 22, 1982) 2 

of Calgary, Calgary, 
Sound Vib., fiä (4), 
figs, 1 table, 10 refs 

Kty Words: Beams, Cantilever beams. Mats-beam tyttamt. 
Bats excitation. Natural frequenciet. Mode thapat 

Key Wordt: Beams, Dynamic stiffness. Matrix methods. 
Natural frequencies, Mode shapes. Coupled response. Tor- 
sional response, Flaxural retponse 

The exact dynamic stiffness matrix is derived for a straight 
and uniform beam element whose elattic and inertial axes 
are not coincident. Elementary bending-torsion beam theory 
is used, and banding translation It restricted to one direction. 
The element matrix can be used In the dynamic stiffness 
method for calculation of exact natural frequencies, mode 
shapes, and generalized masses for planar assemblages of 
connected banding-torsion beams. The dynamic stiffness 
method is outlined, and details pertinent to the bending- 
torsion beam element are given. 
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83-521 
On  the Two Frequency  Spectra of Timorfienko 
Bean» 
M. Levinson and D.W. Cooke 
Dept. of Mech. Engrg., Univ. of Maine at Orono, 
Orono, ME 04469, J. Sound Vib.,.84 (3), pp 319- 
326 (Oct 8, 1982) 1 table, 15 refs 

Key Word* Beami, Tlmoihenko theory, Flexural vibration 

Thii paper it concerned with the question of whether there 
are two distinct «>ectra of frequencies for the transverse 
vibrations of Timoshenko beams as has been claimed by a 
number of prior authors for the case of the simply supported 
beam and, more recently, for beams supported In an arbi- 
trary manner. Elementary analysis leads to the conclusion 
that there Is only a single frequency spectrum; in the particu- 
lar case of the simply supported beam the two frequency 
spectra viewpoint may be expedient as a device to compute 
frequencies but does not serve otherwise to explain the 
complex, dynamical behavior of Timoshenko beams. 

83-522 
Random Point Excitation of Coupled Beams 
H.G. Daviesand S.I. Khandoker 

Dept. of Mech.  Engrg.,  Univ.  of New Brunswick, 

Fredericton,   New   Brunswick,   Canada,   J.   Sound 

Vib., 84 (4), pp 557-562  (Oct 22,  1982) 5 figs, 

5 refs 

Key Words: Beams, Coupled systems. Random excitation. 
Point source excitation 

Numerical results are presented for the power flow between 
two coupled beams, one of which is excited at a point by a 
random force. Frequency, spatial (over the excitation point) 
and ensemble (by varying the relative lengths of the beams) 
averages are compared with each other and with the results 
from simple statistical models such as SEA. 

83-523 
Mechanical Vibration« in Theimorheologically Simple 
Viacoelartk Beams and Plates 
R.D. Marangoniand N. Basavanhally 
Dept. of Mech.  Engrg., Univ. of Pittsburgh, Pitts- 
burgh, PA 15261, Intl. J. Solids Struc, JJ (11), pp 
1007-1029 (1982) 14 figs, 5 tables, 21 refs 

Key Words: Beams, Plates, Viscoelastic properties, Tempera- 
ture effects 

The problem of vibration of viscoelastic beams and plates 
subjected to a known transient temperature distribution 
and simply supported boundary conditions is solved using a 
Williams-type model expansion technique. The viscoelastic 
property ascribed is linear but otherwise general and its 
temperature dependence follows a thermorheologically 
simple viscoelastic law. The internal damping considered is 
proportional to the velocity of motion. The measured mate- 
rial relaxation is characterized using a Dirichlet Series which 
represents a Maxwell chain. The analytical solution is based 
upon superposing a time dependent static problem that con- 
tains the time-varying boundary conditions and a reduced 
dynamic problem that contains the inertia terms and the 
homogeneous boundary conditions. The integro-differential 
aquation that results from the dynamic problem is solved 
numerically   using   a fourth  order  Runge-Kutta  method. 

83-524 
Improved Numerical Computation of Uniform Beam 
Characteristic  Values and Characteristic Functions 
J.R. Gartner and N. Olgac 

Dept. of Mech. Engrg., Univ. of Connecticut, Storrs, 

CT 06268, J. Sound Vib., 84 (4), pp 481-489 (Oct 

22,1982) 4 figs, 2 tables, 7 refs 

Key Words: Beams, Flexural vibration, Bernoulli-Euler 
method 

The problem of the lateral bending vibrations of a uniform 
cross-section Euler-Bernoulli beam has been treated by many 
investigators. The most widely accepted solution technique 
is to apply the method of separation of variables to the 
governing partial differential equation. In this manner the 
temporal and spatial portions of the solution can be treated 
individually. Several forms of the spatial characteristic func- 
tion have been put forth by past investigators. The inherent 
problem which rises in the use of these characteristic func- 
tions is the numerical instability arising from the excessive 
magnitudes of the computed terms. These instabilities are 
especially noted in the computation of higher mode charac- 
teristic functions. A new form of the characteristic function 
is presented here which limits the magnitude of all terms to 
the approximate range of ±1. This is accomplished by avoid- 
ing all large, positive exponentials. The same concept is 
continued for the reliable evaluation of the system eigen- 
values and other required parametric values. 

83-525 
Vibrations of Split Beams 
J.T.S. Wang, Y.Y. Liu, and J.A. Gibby 
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Georgia Inst, of Tech., Atlanta, GA 30332, J. Sound 
Vlb., 84 (4), pp 491-502 (Oct 22, 1982) 4 figs, 7 
tables, 5 ref s 

K«y Word«: BMITII, Oiieontinulty-cantalning madia, Natural 
fraqutnciai, Mode thtpt i 

Fraa vibration« of btwn« containing *>Ux ragion« ara inv««ti- 
gatad. Qanaral «oluttoni for untpllt and ipllt ragion«ara flnt 
attablMiad. Racurranca «quation« ralatlng Intagration con- 
•tant« for adjacent Interior region« are ettablWied by aatlc- 
tying continuity condition« at junction» of interior region«. 
The frequency determinant I« then obtained by «ati«fying 
continuity condition« at junction« between end region« end 
interior region« Immediately next to the end region«. Numeri- 
cal example« are preiented for illuetrativa purpoea«. Some 
numerical re«ult« are compered to re«uit« for e lumped ma«« 
modal and to limited experimental mae«urement«. 

Key Word«: Beam«, Winklar foundation«, Pa«ternak founda- 
tion«, Natural frequenole«, Detlgn technique« 

That erou «ectlonel «hape of a beam «upported by e Winkler- 
Pa«ternak foundation I« determined which will minimize the 
dynamic re«x>n«e of the beam or meximize It« fundamental 
aigenfrequency. The dynamic ra«pon«a I« defined either a« 
the maximum dynamic deflection or the maximum dynamic 
normal «tree« when the beam I« «ubjact to e periodic dynam- 
ic load. To obtain the optimal daeign«, the method« of 
mathemetlcal programming ara employed, the aree function 
being approximated by eonttant or linear vilna« on apeclf lad 
partition«. An iterative «olution proceckrs li formulated that 
take« the form of «uccetelve «tep« of aneiyti« end optimiza- 
tion. The effect of varlou« problem parameter« on the effi- 
ciency of the de«lgn« i« invcetlgeted. 

FRAMES AND ARCHES 
(AI«o «ee No. 643) 

83-526 
Structural Syntheaa of Sandwich Beams with Outer 
Layer« of Box-Section 
J. Parkas and K. Jarmai 

Dept. of Materials Handling Equipments, Technical 
Univ. for Heavy Industry, H-3515 Miskolc, Hungary, 

J. Sound Vib., 84 (1), pp 47-56 (Sept 8, 1982) 6 

figs, 4 tables, 16 refs 

Key Word«: Beam«, Sandwich «tructure«. Vibration damping. 
Structural «yntheil« 

It i« proved by model meewrement« that for «andwlch beem« 
conttructed from two rectangular tube« and a damping layer 
glued between them veriou« calculation method« can be 
applied. A minimum co«t detign procedure i« praeented for 
a «andwlch beam with eonttant cro«t-«ection. In a numerical 
example, conetrelnt« relating to the maximal dynamic itre««e« 
and deflection a« wall a« local buckling of plate element« are 
conaldared. 

83-528 
Vibratioiu of Shallow Arches, Including the Effect of 
Geometric Non-Linearitiea 
M.R.M. Crespo Da Silva 
Dept. of Aerospace Engrg. and Applied Mechanics, 
Univ. of Cincinnati, Cincinnati, OH 45221, J. Sound 
Vib., 84 (2), pp 161-172 (Sept 22, 1982) 4 figs, 1 
table, 20 refs 

Key Word«: Arche«, Harmonic excitation. Geometric effect« 

The planar end non-planar motion« of «hallow arche« of 
erbltrary «hape, or of thin Initially curved planar structural 
member«, ere invettigatad with the objective of determining 
the Influence of non-etraightne«« on the planar and non- 
planar reiponee of the «yetem to a planar harmonic excita- 
tion. Compari«on i« made with the retponte of a «traight 
element having the «ama length e« the curved member. 

83-527 
The Design of Beams on Winkier-Pattemak Found«- 
tiona for Minimum Dynamic Response and Maximum 
Eigenfiequency 
S. Adati 
Natl. Res. Inst. for Mathematical Sciences, Pretoria, 
South Africa, Rept.  No. CSIR-TWISK-233, 36 pp 
(Sept 1981) 
N82-27762 

PANELS 
(Also see No. 568) 

83-529 
Reasons and Means for Measuring the Spectral Den- 
sity of the Pressure in a Subsonic Turbulent Bound- 
ary Layer 
G. Maidanik and T. Eisler 
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David Taylor Naval Ship Res. and Dev. Ctr., Bethes- 

da, MD 20084, J. Sound Vib., 84 (3), pp 397-416 

(Oct8,1982) 12 figs, 11 refs 

Key Wordi: Pantli, Fluidinductd MCiMtion, Power «ectral 
dtmKy 

A gtneral operational formalitm it introduced to deicribe 
the revonie of a plane itructural turface (a panel) of finite 
impedance and the fluid media In which it it immeried. The 
formallvn exhibitt three basic elemental factori: the imped- 
ance of the uniform itructural wrface, the external drive, 
and the factor describing the interaction! between these two 
factors via the impedance non-uniformities. Each of these 
three factors has an independent physical existence and is 
described by a model which is always, to some degree, en 
approximation. Compatibility of the approximations Inher- 
ent in these factori is emphasized. 

Univ. of Dayton, Dayton, OH 45469, J. Sound Vib., 

84 (3), pp 359-370 (Get 8, 1982) 1 table, 10 refs 

Key Words: Plates, Circular plates, Natural frequencies. Mode 
shapes. Finite element technique. Holographic technique! 

The finite element method is used to predict numericeily 
the natural frequencies and mode shapes of e vibrating 
circular plate with e partially free, partially clamped edge. 
A laser holography method is used to obtain experimentally 
the natural frequencies and mode shapes of the acousticallv 
excited circular plate with mixed boundary conditioni, The 
variation of frequency and mode shape with the free ere 
portion of the circular boundary are compared numerically 
and experimentally and are in excellent egreement. The 
mixed boundary conditions cause some of the higher modes 
to split into two branches with increasing arc length of the 
free boundary. 

PLATES 
(Also see No. 523) 

83-530 
Research on Dynamici of Compoate and Sandwich 
Platea 
C.W. Bert 

School  of  Aerospace,  Mech. and  Nuclear  Engrg., 

Oklahoma Univ., Norman, OK, Rept. No. OU-AMNE- 

82-3, TR-27,40 pp (July 1982) 

AD-A117 946 

Key Words: Plates, Composite structures, Sandwich struc- 
tures, Flutter 

This report presents a turvey of the literature concerning 
dynamics of plate-type structural elements of either com- 
posite material or sandwich construction. Papers from mid- 
1979 through eeriy 1982 ere reviewed, as are a few 1978 
end early 1979 references. Perticuler attention is given to 
experimental research and to linear and nonlinear analysis. 
Configurations include rectangularly orthotropic, cylindri- 
cally orthotropic, and enisotropic plates: laminated plates; 
and thick and sandwich plates. Free end forced vibration, 
panel flutter, and Impact ere also considered. 

83-532 
Internal and External Fields of Insonified Hates along 
Lamb Mode Branches of Zero Order 
A. Freedman and G.G. Swinerd 

65 Mount Pleasant Ave., Weymouth DT3 5JF, UK, 

J. Sound Vib., 83 (4), pp 479-500 (Aug 22, 1982) 

13 figs, 2 tables, 15 refs 

Key Words:   Elestic  waves.  Plates,  Submerged structures 

A detailed investigation is presented of the reflection and 
transmission coefficients and of the internal dtolacement 
field along the branches of the A0 and S0 Lamb modes of 
a water-immersed, infinite steel plate Insonified by a plane 
wave. The extensive numerical results presented are based on 
exact elastic theory. 

83-533 
Transient Response of Finite Plates Subjected to 
Surface Loadings 
A.A. Lotfy 

Ph.D. Thesis, Univ. of Waterloo, Canada (1982) 

83-S31 
Natural Frequencies of Circular Plates with Partially 

Free, Partially Clamped Edges 
F.E. Eastepand F.G. Hemmig 

Key Words: Plates, Transient response 

It is well known in the literature that the theory of elasto- 
dynamici can be used to find the transient re^onse of plates 
subjected to symmetric or antisymmetric surface loading. 
There exists a good deal of information on the application 
of this theory to infinite and semi-infinite plates. However, 
the investigation of the finite plate transient re«>onse to end 
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loadingt hai been wken up, only, recently. The elm of thlt 
theili It to expend the itudy of the tremlent reiponie of 
finite platei to Include the cew of wrfece loadingt. This 
topic can be of greet significance at it dealt with the evelue- 
tion of a more general dynamic loading's Influence on «rue- 
turet. The available approximate method« of analytit are 
not et capable of predicting the ectutl ttreu dittribution 
during or after the applicetlon of the loadingt at the ttreu 
weve analytit contained in thit thetlt. 

83-534 
Summed and Differential Harmonic OacillatioM in a 
Circular Plate 
K. Yasuda and N. Hayashi 

Nagoya Univ., Furocho, Chikusaku, Nagoya, Japan, 

Bull. JSME, 25 (208), pp 1582-1590 (Oct 1982) 11 

figs, 10 refs 

Dept. of Aeronautical and Astro nautical Engrg., 

Univ. of Illinois at Urbana-Champaian, 104 S. Math- 

ews Ave., Urbana, IL 61801, Computers Struc, 
]6 (1-4), pp 449-455 (1983) 6 figs, 7 refs 

Key Wordt: Platet, Levered matarieit. Finite element tech- 
nique 

A finite element ttructurel model it developed for the dy- 
nemlc analytit of laminated, thick pietet. The model utct 
quedrlleterel elements to represent the shape of the plate 
and the elements ere necked in the thicknets direction to 
represent veriout material layers. Thit analytit ailowt for 
orthotropic, elattlc-plattlc or elattic-vitcoplattlc material 
properties. Nonlinear ttrain displacement rciatlont are uttd 
to repretent lerge trentverte plate deflection. A finite differ- 
ence technique is used to perform the numerical time Inte- 
gration. 

Key Words: Pietet, Hermonlc excitation. Sum and difference 
frequencies 

Various types of exltymmetric nonlinear forced otcillationt 
are expected to occur in e circular plate subjected to har- 
monic excitation. The present paper conerns, among others, 
the summed and differentlel hermonlc oscillations. Both 
theoretical and experimental analyses ere conducted. 

83-537 

Dynamic Retpoiue of Viacoelaitk Plates of Arbi- 
trary Shape to Rapid Heating 
D. Hill, J. Mazumdar,and D.L. Clements 

Dept. of Applied Mathematics, The Univ. of Ade- 

laide, South Australia, Intl. J. Solids Struc, lg, (11), 

pp 937-945 (1982) 6 figs, 1 table, 13 refs 

83-535 
An Analytical Solution to the Problems of Three- 
Phonon Interaction and Second Harmonic Genera- 
tion in a Solid Plate 
T.S. Chao 
Dept. of Physics, Georgetown Univ., Washington, DC, 

Rept. No. GUUS-08825, TR-5, 101 pp (Aug 1982) 

AD-A117 907 

Key Words: Pletes, Hermonlc waves 

A Green's function approach is used to determine the condi- 
tions under which it It ponibie to generate second harmonics 
of Lamb waves on solid platet and to have two Lamb waves 
interact to produce e third phonon (another Lamb mode). 

83-536 

Dynamic Finite Element Model for Laminated Struc- 
tures 
D.W. Pillasch, J.N. Majerus, and A.R. Zak 

Key Words: Plates, Viscoelastic properties. Temperature 
effects 

The dynamic behavior of viscoelastic plates of arbitrary shape 
subjected to elevated temperatures is examined. Using e 
method based upon the concept of isoamplitude contour 
lines In conjunction with Isothermal contout lines on the 
surface of the plete, a simple general approach for the study 
of thermally Induced vibrations of a viscoelastic plate it 
presented. The resulting method of solution Is applied to 
study the response of a vitcoelastic plate in the form of 
e hollow elliptical annulut and a vitcoelastic rectangular 
plate under a thermal shock at the center. 

83-538 
Free Vibration of a Stiffened Trapezoidal Cantilever 
Plate 
T. Irie, G. Yamada, and H. Ida 

Dept. of Mech. Encg., Faculty of Engrg., Hokkaido 

Univ., Kita-13, Nishi-8, Kita-ku, Sapporo, 060 Japan, 

J. Acoust. Soc. Amer.. 12 (5), pp 1508-1513 (Nov 

1982) 5 figs, 2 tables, 17 refs 
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Kty Words: Pltni, Ctntlltvtr pl««i, Stifftntd plnti, Natural 
fraquancltt, Mod« ihapn 

An •nalyiit It prtwnwd for tin frM vibration of a Rlffanad 
trapaioktol cantllavtr plata. For thli purpow, a trapaioktol 
Plata It trantformad Into a iquara plata of unit langth by tiia 
traniformation of variabltt. Tha tranwaria daflaction of tha 
traniformad iquara plata It axpranad In a lariat of tha 
products of tha daflaction functions of a cantllavar baam 
and a fraa-fraa baam parallal to tha adgas of tha plata, and 
tha fraquancy aquation Is darlvad by tha Riu mathod. Tha 
alamants of tha aquation ara calculatad by numarlcal intagra- 
tlon. Tha prasant mathod Isappliad to square, parallalogram, 
or trapaioldal cantllavar plans with savaral stlffanars; tha 
natural fraquanclas and tha moda shapes ara calculatad 
numarlcally up to hlghar modas. and tha affacts of stlffanars 
on tha vibration ara studied. 

83^39 
Luge Amplitude Free Vibntiona of a Right Angled 
laoaeeiea Trkqguiar Plate of Simply Supported Edges 
S.K. Chaudhuri 
Dept. of Mathematics, Acharya B.N. Seal College, 
Cooch-Behar, West Bengal, India, J. Sound Vib., 
84 (1), pp 81-85 (Sept 8,1982) 3 figs, 10 refs 

Kay Words: Platts, Triangular bodies, Free vibration. Large 
amplitudes 

An analysis of large amplitude free vibrations of a right 
angled Isosceles triangular plate of simply supported edges 
is given, based on the von Karmin field aquations expressed 
in terms of displacement components. The differential equa- 
tions Involving the in-plane displacements ara solved com- 
pletely. A second order nonlinear differential aquation for 
the unknown time function is obtained by means of Galar- 
kin's procedure and solved In terms of Jacobian elliptic 
function! Numerical results ara presented graphically and a 
comparison of these with results obtained from a Barger- 
type analysis Is made. 

Kay Words: Shell-plate systems. Geometric effects, Natural 
frequencies, Mode shapes 

Tha ax isymmetric vibrations of a vessel with variable thick- 
ness composed of a cylindrical shall and two circular plates 
as Its lids are investigated. The Lagrangian of tha vessel Is 
obtained expressed by quadratic forms of unknown bound- 
ary values and tha frequency equations are obtained from the 
minimum condition of the Lagrangian. 

83-541 
The Reqwoie of a Fluid-Loaded, Beam-Stiffewd 
Plate 
G.P. Eatwell and D. Butler 

School of Mathematics, Univ. of Bath, Claverton 
Down, Bath BA2 7AY, UK, J. Sound Vib., 84 (3), 

pp 371-388 (Oct 8, 1982) 8 figs, 14 refs 

Key Words: Plates, Beam-plate systems, Fluid-Induced exci- 
tation 

Expressions are obtained for the vibration of and sound radi- 
ation from a fluid-loaded elastic plate which Is stiffened by a 
finite number of parallel beams. Tha expressions are evalu- 
ated asymptotically In the far field and results for point and 
line excitation of t plate with equally spaced beams com- 
pared with those for a corresponding periodically stiffened 
plate. 

83-542 

The Dynamics of Repeated Impacts with a Sinu- 
soidaily Vibrating Table 
P.J. Holmes 
Dept. of Theoretical and Appl. Mech and Ctr. for 
Appl. Mathematics, Cornell Univ., Ithaca, NY 14853, 
J. Sound Vib., 84 (2), pp 173-189 (Sept 22, 1982) 
10 figs, 35 refs 

Key Words: Plates, Vibrating structures. Impact response. 
Balls 

83440 
Axfagmunetric Vibrations of a Vessel with Variable 
Thiehneas 
K. Suzuki, M. Konno, T. Kosawada, and S. Takahashi 
Faculty of Engrg., Yamagata Univ., Yonezawa, Japan, 
Bull. JSME, .25 (208). pp 1591-1600 (Oct 1982) 15 
figs, 6 refs 

A deceptively simple difference equation Is derived which 
approximately describes the motion of a small ball bouncing 
vertically on a massive sinusoldally vibrating plate. In the 
case of perfect elastic Impacts, tha aquation reduces to the 
standard mapping which has bean extensively studied by 
physicists In connection with the motions of particles con- 
strained In potential walls. It Is shown that, for sufficiently 
large excitation velocities and a coefficient of restitution 
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clow to one, this danrmlnlttle üynamieal lytttm «xhibitt 
larje famlliit of irragulir non-p«rlodie »luttoni in addition 
to the axpvctad harmonic and lubharmonic motloni. The 
phyttcal ilgn>'icance of thaw and other chaotic motloni 
which appear to occur frequently In nonlinear oiclllatloni it 
rflKunad. 

SHELLS 
(Also tee No. 540) 

83-543 
Vibration and Buckling of Cylinden with Elliptical 
Crov Section 
K. Shirakawa and M. Morita 

Dept. of Mech. Engrg., Univ. of Osaka Prefecture, 

Mozii-U'nomachi, Sakai, Osaka 591, Japan, J. Sound 

Vib., M (1). PP 121-131  (Sept 8, 1982) 6 figs, 1 
table, 16refs 

Key Words: Shells, Cylindrical ihelli, Free vibration 

A itudy of the free vibration of finite cylinder» with ellipti- 
cal cron «ection under externel prenure it prfftented. The 
buckling pressure it obtataed as a «wcial case in the free 
vibration analysis. The elliptical erors section is considered 
to be composed of two circular arcs, and the equations of a 
circular cylindrical shell are applied. Numerical examples 
are presented to examine the effect of out-of-roundnen on 
the natural frequencies and the buckling pressure. 

83545 
Ovalling Oacillationa of Cantileveied and Clamped- 
ClMiped Cylindrical Sheila in Cro« Row: An Expert- 
mental Study 
M.P. Paidoussis, S.J. Price, and H.-C. Suen 
Dapt. of Mech. Engrg., McGill Univ., Montreal, Que- 
bec. Canada, J. Sound Vib., £2 W). PP 533-553 
(Auq 22. 1982) 13 figs, 5 tables, 19 refs 

Key Words: Shells, Cylindrical shells, Wind tunnel tasting, 
Fluid-Induced excitation. Wind-induced excitation, Chimneys 

Some experiments on cantllavered, thin cylindrical shells 
in cross flow are presented, as wall as experiments with 
shells clamped et both ends and vanning the wind tunnel 
test section. Ovalling oscillations wars found to occur mainly 
in the second, third, fourth and fifth circumferential modes 
of these shells, in both first and second axial modes, for 
both types of support condition, the critical mode numbers 
depending mainly on shell geometry. 

RINGS 

83-546 
Vibration of a Two Layered Ring on Periodic Radial 
Supports 
E.S. ReddyandA.K. Mallik 

Dept. of Mech. Engrg., Indian 'nst. of Tech.. Kanpur 

208016, India, J. Sound Vib., 84 (3), pp 417-430 

(Oct 8, 1982) 8 figs, 1 table, 20 refs 

Ke» IVords: Rings, Layered materials, Radial supports, Reso- 
nant frequencies 

83-544 
An  Analytical Model for Ovalling Oacillation of 
damped-Claniped Cylindrical Sheila in Croat Flow 
M.P. Paidoussis, S.J. Price, and H.-C. Suen 
Dept. of Mech. Engrg., McGill Univ., Montreal, Que- 
bec, Canada, J. Sound Vib., 83 (4), pp 555-:V72 
(Aug 22,1982) 5 figs, 4 tables. 19 refs 

Natural frequencies of a two layered elastic ring, on equi- 
spaced, identical radial supports, are obtained by using a 
wave approach. Two types of support conditions are Investi- 
gated. With the outer layer viscoelastic, the theory of forced 
damped normal modes is used to obtain the resonant fre- 
quencies and the modal loss factors of the structure. Results 
presented show the effect of the thickness ratio on the reso- 
nant frequency and the modal loss factor. The effect of 
rotational constraints at the supports is also reported. 

Key Words: Shells, Cylindricel shells, F'u id-induced excita- 
tion,   Aeroelastlcltv,  Wind-induced  excitation.  Chimneys 

A quasi-static aeroelastic theory for predicting the ovalling 
oscillations of thin cyllndrlcai shells in cross flow is pre- 
sented. The flow Is treated as a superposition of the mea- 
sured viscous mean flow and a potential flow associated with 
deformation of the shell. The aerodynemic forces are formu- 
lated by means of strip theory and the dynamics of the shall 
are described by means of Flügge't equations. 

PIPES AND TUBES 

83-547 
Computation of Acoustic Power, Vibration Response 
and Acoustic Pressures of Fluid-Filled Pipes 
J.H. James 
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Admiralty Marine Technology Establishment, Ted- 
dington, UK, Rept. No. AMTE{N)-82036. DRIC-BR- 
83735, 20 pp (May 1982) 
AD-A117 418 

of nuclMr piping lyitemi art evaluated. For the purpow of 
the itudy, dynamic ravoniai of 20 typical piping lyitemi 
using nine different combination tnethodt are tyttematically 
compared. 

Key Words: Pipe« (tube»), Fluld-fillad container«. Time- 
dependent parameter«. Harmonic excitation. Point «ource 
excitation 

The time-harmonic excitation I« either an interior point 
•ource of tog nd or a mechanical point force located on the 
pipe'« «urface. The acoustic power radiated into the exterior 
fluid, the vibration response of the pipe's wall, and the 
pressures in the exterior and Interior fluids are computed 
by a simple integration tchtmt. Numerical results are pre- 
sented for the case of a water-filled steel pipe that is sur- 
rounded by air. 

83-550 
Prevention of Flow Induced Vibration and Thermal 
Streatea in the Conatruction of Facilities (Stromungs- 
bedingte Schwingung und Wammpannung im An- 
lagenbau vermeiden) 
W. Wagner 
Maschinenmarkt, 87, pp 1862-1864 (Nov 2, 1982) 

5 figs, 3 refs 
(In German) 

83-548 
Reduce Noise in Process Piping 
J.G. Seebold 

Standard Oil Co. of California, San Francisco, CA, 

Hydrocarbon Processing, £1 (10), pp 75-79 (Oct 

1982) 9 figs 

Key Words: Piping systems. Valves, Noise reduction 

An in-depth discussion of the sources of noise in piping (pri- 
marily valve» and machinery) and techniques for reducing it 
are presented. Effective noise control is achieved by substi- 
tuting va'ves of special design that change the physics of the 
internal flow, or by treating the transmission path. Studies 
show that generally, for valves in gat service, most of the 
energy remains in the gas and In-line silencers are most effec- 
tive. Acoustic lagging is not the best method for dealing with 
noise emanating from piping systems. 

83-549 
A Comparative Study of Combination Methods Used 
in Petponse Spectrum Analysis of Nuclear Piping 
Systems 
S. Gupta, D.P. Jhaveri, 0. Kustu, and J.A. Blume 
URS/John A. Blume & Associates, San Francisco, 
CA, ASME Paper No. 82-PVP-56 

Key Words: Piping systems, Nuclear reactor components, 
Reiponse spectra 

The different methods of combining re«>onses from indi- 
vidual modes and directions for response spectrum analysis 

Key Words: Tube errays. Pipes (tubes). Heat exchangers. 
Resonant response. Temperature effects. Fatigue life, Vibre- 
tion control. Fluid-induced excitation 

In order to prevent vibretion-lnduced failures of facilities, 
the condition of resonance between the excitation and 
natural frequencies should be avoided. Such vibrations occur 
frequently In the tuba bundles of heet exchangers. Thermal 
stresses occur where thermal fluctuations are present. This 
alternating loading leads to fatigue failure. The article de- 
scribes how such conditions can be prevented. 

83-551 
A Simplified Method for Determining Acoustic and 
Tube Eigenfrequencies in Heat Exchangers 
J. Planchard, F.N. Remy, and P. Sonneville 
Electricite de France, Direction des Etudes et Re- 
cherches, Clamart, France, J. Pressure Vessel Tech., 
Trans.  ASME, 1Q4  (3), pp  175-179  (Aug 1982) 
6 figs, 5 tables, 16 refs 

Key Words: Tube errays, Fluid-Induced excitation. Natural 
frequencies 

A method of computation of eigenfrequencies of large tube 
arrays is presented, which is based on homogenizetion tech- 
niques, It Is supposed that the fluid is compressible, at rest 
and contained in a cavity; the bundle geometry is assumed 
to be repetitive; an equivalent sound velocity through the 
tubes can than be calculated, and the fluid-structure inter- 
action It taken into account A new eigenvalue problem 
it to obtained, defined over a simpler domain; I.e., the 
region occupied by both fluid and tubes. It is then easy to 
solve It for computing the eigenfrequencies of the coupled 
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lyiMm. NumirlMl •nd txptrlmtnt»! rtwlti art prtwnttd 
•nd torn» dttallt of tht txptrimtntal appiritui art glvtn. 

83-552 
A Theoretical Model for Fluid-Elutk IiuUbilhy in 
Heat Exchanger Tube Bundles 
J.H. Lever and D.S. Weaver 
Dept. of Mech. Engrg., McMaster Univ., Hamilton, 
Ontario, Canada, J. Pressure Vessel Tech., Trans. 
ASME, J04 (3), pp 147-158 (Aug 1982) 7 figs, 30 
refs 

Key Wordi: Tub« arrtyi. Heat exchanger!, Fluid-Induced 
excitation 

A ilmple theoretical model it developed from firit principle« 
for the fluid-elaitlc innabilitv In heat exchanger tube bun- 
dle«. A «erle« of experiment« are conducted to verify the 
ba«ic anumption that only a «ingle tube need be modeled 
in a flow channel which preaerve« the baiic geometry of the 
array. The mechaniam of initability i« found to be one of 
flow rediitributlon due to tube motion end a phaae lag 
reaulting from fluid inertia. Agreement i« found with avail- 
able experimental data for a parallel triangular arrey without 
the need for empirical fluid force coefficient«. 

83-554 
TrauUkm to Turbulence in a Pulaatile Pipe Flow. 
Part 2: Characteriatics of Revering Flow Accom- 
panied by ReUminarkation 
M. IguchiandM, Ohmi 
Osaka Univ., Yamadaoka 2-1, Suita, Osaka, Japan, 
Buii. JSME, 26 (208), pp 1529-1536 (Oct 1982) 
6 figs, 1 table, 11 refs 

Key Word«: Pipe« (tube«). Turbulence 

The inttantsneou« velocity di«trlbution« end pretiure gradi- 
ent« In a revcralng pulaatile flow and an oaclilatory flow in 
which turbulent bum« follow by relaminarlzatlon In the 
«ama cycle are Inveitlgated. They are predicted with «uffi- 
clent accuracy by the theory for a tranaient pulaatile laminar 
flow in the laminar phaie. in the pheae where turbulence 
with higher frequency eppeer«, they ere well approximated 
by the well-known 1/7 power lew end the turbulent quaai- 
«teedy friction law, reflectively. 

83-555 
Distorted Pretiure Histories Due to the Step Re- 
sponses in a Linear Tapered Pipe (5th Report, Case 
of a Tank Being Installed at the End) 
T. Tanahashi, Y. Yamashita, T. Sawada, and T. Ando 

Keio Univ., 3-14-1, Hiyoshi, Kohoku-ku, Yokohama, 

Japan, Bull. JSME, J5 (208), pp 1521-1528 (Oct 

1982) 4 figs, 8 refs 

I | 

83-553 
The Cross-Flow Response of a Tube Array in Water - 
A Comparison with the Same Array in Air 
D.S. Weaver and D. Koyoyannakis 
Dept. of Mech. Engrg., McMaster Univ., Hamilton, 
Ontario, Canada, J. Pressure Vessel Tech., Trans. 
ASME, .104 (3), pp 139-146 (Aug 1982) 10 figs, 
1 table, 23 refs 

Key Word«: Tube array«. Fluid-induced excitetion 

A water tunnel atudy waa conducted on a parallel triangular 
array of tuba« with a pitch ratio of 1.375. The array waa 
geometrically identical to that uaad previou«ly in a wind 
tunnel atudy ao that the tub« reiponaa to cro«« flow could 
b« compared. It waa «een that the re«>on«e curve« for tube 
array« In water are much leaa regular than thoaa In air, cre- 
ating ambiguity in defining th« «tebility thre«hold. The 
Irreguleritle» era «een to be aatociated with «hlftt in relative 
tub« mod« and frequency. 

Key Word«: Pipe« (tube«). Variable cro«« «ection. Step re- 
•ponte, Helmholtz reeonaton 

Diatorted prewure hietorie« in e lineer tapered tube equipped 
with a tank at the end are experimentally inveatlgatad by the 
«tep prenure input. Thi« problem i« theoretically «oived by 
two method«: eigenfunction expen«ion end eiymptotic 
expeneion. 

DUCTS 

83-556 
An Experimental Investigation of Pure Tone Genera- 
tion by Vortex Shedding in a Duct 
H. Nomo;oand F.E.C. Culick 
California Inst. of Tech., Pasadena, CA 91125, J. 
Sound Vib., 84 (2), pp 247-252 (Sept 22, 1982) 
5 figs, 7 refs 
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Kty  Wordi:   Duett,   NolM  gtntrttlon.   Vortex   thtddlng 

An mp«rim«ntal Invtitlgation li carried out for acouttlc 
oiclllttloni witelned by flow through a duet containing two 
bafflai. Pure acouitic tones eorraaionding to longitudinal 
raionant modai of tha duet are produced when certain flow 
and geometrical condltloni are Mtltf led. The condition! are 
weh ai to enure dote coincidence between the frequency 
of vortex thaddlng from tha forward baffle, and a natural 
frequency of the duet. Flow vliuallzetlon thowi that under 
theee condltloni a «able vortex structure exlm between 
the bafflai, containing at all tlmei an integral number of 
vorticei. 

been conducted uiing e iplnnlng mode lyntheiiier. Comperi- 
•on between theoretical end experimental rewlti of prenure 
reflection coefflclenti for two inlet ihepei end directivity 
petterm ihowi e very good egreement, 

83-557 
Boundary Layer Effecta on Sound in a Circular Duct 
R.T. Nageland R.S. Brand 
Dept. of Mech. and Aerospace Engrg., North Caro- 

lina State Univ., Raleigh, NC 27650, J. Sound Vib., 

85 (1), pp 19-29 (Nov 8,1982) 7 figs, 17refs 

Key Wordi: Duett, Sound wavei. Boundary layer excitation 

Boundary leyer effect« on an acouitic field In a unidirectional 
flow with tranevarte ihear are studied. The ecouitlc preuure 
variation in the direction normal to that of the flow Is gov- 
erned In the boundary layer by a second order differential 
equation. The problem in the boundary layer is reduced from 
e two point boundary value problem to e one point bound- 
ary velue problem by transforming the governing equation 
into the Riccati equation. The Riccati equttion is eesily 
Integrated with standard numerical procedures. 

83558 
Development of a Sound Radiation Model for a 
Finite-Length Duct of Arbitrary Shape 
M.A. HamdiandJ.M. Ville 

Universite de Technologie de Compiegne, Cedex, 

France, AIAA J., 20 (12), pp 1687-1692 (Dec 1982) 

16figs, 2tables, 7refs 

Key Words: Ducts, Sound waves, Sound propagation 

A new variational formulation by Imegrel equations has 
bean developed to solve Helmholtz's equation with mixed 
boundary conditions. Contrary to previous methods gen- 
erally bated on the Wiener-Hopf technique which are limited 
to the case of a circular tern (-infinite duet, thlt method allows 
the computation of sound radiation from the duet with 
arbitrary shape end finite length. Experimental works have 

83-559 
Evaluation of Four-Pole Parameters for Ducts with 
Flow by the Finite Element Method 
K.S. Peat 
Dept. of Engrg. Mathematics, Univ. of Tech., Lough- 

borough LEU 3TU, UK, J. Sound Vib., 84 O), PP 
389-395 (Oct 8, 1982) 4 figs, 7 refs 

Key Words: Duets, Elastic waves, Sound waves. Wave propa- 
gation. Finite element technique 

A finite element formulation of the equations of acoustic 
wave propagation in tha presence of e mean flow of low 
Mach number is obtained. The resulting equation system Is 
solved with two different sets of boundary conditions In 
order to obtain the four-pole parameters of a vecified 
section of duct. The results are compered with those of 
existing one-dimensionel models of the flow. The work is 
intended to aid in the prediction of the Insertion loss of 
Intake silencers on internal combustion engines. 

83-560 
Mode Scatterer Design for Fan Noise Suppression in 
Two-Dimensnnal Ducts 
M.S. Tsai 
Boeing Commercial Airplane Co., Seattle, WA, J. 

Sound Vib., 83 (4), pp 501-512 (Aug 22, 1982) 

3 figs, 7 tables, 11 refs 

Key Words: Fan noise. Noise reduction. Ducts, Acoustic 
liningt 

The favorable teattering attocieted with the trantfer of the 
lower order modal energies to the higher ones can be Induced 
only when the lower frequency weves propagate In the inlet 
duet or in the no meen flow conditions, end the first lining 
which the incident waves from the fan face meet is a nearly 
reactive one. The phases of the Incident waves from the 
noite tource will effect the performance of the tcatterer, 
but not the telection of the optimized tcatterer. For a given 
batelina lining, the reectence and the length of the tcatterer 
are the coupling factors in the determination of an optimized 
scatterer. 
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BUILDING COMPONENTS 
(Alw Ne No. 048) 

Dept. of Civil Engrg., Stanford Univ., Stanford, CA 
94305, Computers Struc, Jjg. (1-4), pp 531-541 
(1983)17fig8, 5ref8 

83-561 
Sound Radiation from Building Elemente 
Y. Shen and D.J. Oldham 

Dept. of Bldg. Science, Univ. of Sheffield, Sheffield 

S10 2TN, UK, J. Sound Vib., M (1), pp 11-33 

(Sept 8,1982) 9 figs, 4 tables, 21 refs 

Kay Wordi: Structural mambert, Platei, Sound tranmluion 

The dlractlvtty pattarm of typical building alamanti, a large 
concrete panel and a glazed window, are calculated. The two 
elements are treeted a« homoganeoui pletet. The Galerkin 
method is uted to calculate the forced vibration pattern! of 
the» pletet due to expowre to a uniform tound field, Rey- 
leigh't fer field approximation i« than uead to calculate the 
•ound level due to the plate vlbretiont at diitant points and 
a directivity pattern it thu* built up. The effect on the radi- 
ation patterm of varying the lou factor of internal damping, 
the frequency of excitation and the boundary conditioni it 
Invettlgated. 

Kay Wordt: Structural mambert. Steel, Fatigue tcttt, Scitmlc 
rnponH 

Experimental data are pretanted from low cycle fatigue tettt 
of ttructural tteel component! In thete teilt the failure 
modct of local buckling in beam Hanget and fracture at 
weldmentt are ttudied In detail. Cumulative damage modelt 
are propoted which permit a life prediction for arbitrary 
cyclic loading hlttoriei. For the local buckling failure mode e 
terlet of linear damage modelt It uted to predict deteriora- 
tion threshold and deterioration, whereat a tingle model it 
uted for the fracture mode. Crack propagation at weldmentt 
it modeled with a crack growth rate model bated on the 
plastic ttrain range. Adaquete predictions of lives were 
obtained from the analytical models. 

DYNAMIC ENVIRONMENT 

83-562 
Sound Inwlation of Stepped or Staggered Wallt of 
Plaitered Maaonry 
E.C. Sewell 

Bldg. Res. Station, Garston, Watford WD2 7JR, UK, 

J. Sound Vib., J4 (4), pp 463-480 'Oct 22, 1982) 

4 figs, 4 tables, 8 refs 

Key Wordt: Wells, Noise reduction 

It it suggested that a step (vertical displacement) or stagger 
(horizontal displacement) enhance! the tound intulction 
between dwelling! teparated by a cavity party wall of plas- 
tered masonry mainly through reducing the coupling between 
corre«>onding modes of the two leaves, with only a second- 
ary effect from the reduction in common erea. A comparison 
between the insulation ratings found in field measurements 
across stepped end/or steggered walls with those for similar 
in-line party walls confirms that displacement significantly 
enhences insulation, but the experimental data are inconclu- 
sive in regard to the size of the effect. 

ACOUSTIC EXCITATION 
(Also tee Not. 616,630) 

83-564 
Laminated Steels Cut Noiae and Vibration 
J. Moon 
Diesel Prog., 48 (10), pp 22, 27-28 (Oct 1982) 4 figs 

Key Wordt: Engine noise, Noise reduction, Leyered mete- 
rials. Steel 

A new type of laminated steel, called MPM (metal-plastic- 
metal), for use at a nolle reducing material in engine and 
vehicle designs it daicrlbed. The material hai not only the 
deiired acoustic properties, but alto offers advantage! In 
terms of Ughtnan and cost-savings compared with other 
methods of noiie damping. 

83-563 
Cumulative Damage in Steel Stractures Subjected to 
Earthquake Ground Motiona 
H. Krawinkler and M. Zohrei 

83-565 
Acoustic Intenaity Measurements for Small Engines 
J. K. Thompson 
Dept. of Mech. Engrg., Louisiana State Univ., Baton 
Rouge, LA 70803, Noise Control Engrg., j9 (2), pp 
56-63 (Sept-Oct 1982) 12 figs, 12 refs 
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Ktv Wordi: Engliw noiw. NoiH mMiurtmtnt, Sound powar 
Iwtli, Nolw MHirM Idcntlf (cation 

The dlMleulth« tnoountfrtd In two-mlcrophon« acouttlc 
mtimirtmtnti of • 14.9 kW (8 hp| •nglni art daierKMd. 
Th« «Mind powtr Icvtlt dtttrmlnad for th« major «ngln« 
Muren art eomparad to raiulti obtalnad from convantlonal 
nurca Idantlf Icatton maawramanti. 

from tha noiaa aourend); tha ralavam paramatan of tha 
anvlrofmant ara tha (avaraga) halght, icattaring cron tact Ion 
and absorption of tha buildings. Particular comldaratlon it 
givan to tha propagation of nolw from fraaly flowing traffic, 
for which not only avaraga valuai of tha anargy danilty but 
also axprauiont daicrlblng tha ranga and fraquancy of fluctu- 
atlomarapratantad. 

8S-S66 
Acouftie Behavior of Laminatef! Sheet Metal (Du 

ahiutiaehe Veihalten geaehiehteter Bleche) 

U. Bernhardt 
Fortschritt-Berichte VDI-Zt., Series 11, No. 49, 142 

pp (1982) 58 figs, 1 table. Summarized in VDI-Z, 

124 (20), pp 776 (Oct 1982). Avail: VDI-Verlag 
GmbH, Postfach 1139, 4000 Dusseldorf 1, Germany, 

Price: 82.-DM 
(in German) 

Kay Words: Nolsa reduction. Machinery nolsa, Mauls 

Tha usa of layarad rlvatad sheat material for nolsa reduction 
In machinery, Instead of conventionel sheet metel bonded by 
high damping materiel», it diteutaad. The noise reduction is 
eccomplithed by the air layer trapped between the sheets - 
the thinner the eir layer, the higher the noise reduction. 
Thus, higher noise reductions with thinner materiell may be 
obtalnad, without the disadvantages of tempereture depen- 
dence, the danger of layer separation or the Insufficient 
retlitence under rough operating conditions. 

83-568 
Noiae Tnuwniüfon into Semicylmdrical Encioairea 

through Diacreteiy Stiffened Curved Panela 
M.T. Chang and R. Vaicaitis 

Dept. of Civil Engrg. and Engrg. Mech., Columbia 

Univ., New York, NY 10027, J. Sound Vib., §5 (1), 

pp 71-83 (Nov 8,1982) 5 figs, 21 refs 

Kay Words: Enclosures, Penelt, Curved pietes, Noisa trans- 
mission. Modal analysis. Finite strip method 

An analytical study of sound transmlsiion into lemicyllndri- 
cai enclosures through discretely stiffened curved elattic 
paneit it presented. The transmitted sound Is ettimeted by 
solving the acoustic wave equation for the Interior acoustic 
field, e Galarkin-iike method being used. This solution is 
then coupled to the vibration of the stiffened panels. The 
re«)onie character ist let of these peneis era determined by 
using e modal analysis where the modes ere obtained by tha 
finite element-atrip method. Numerical results Include 
spectre of the interior sound pressure due to white noise, 
turbulent boundary layer end propeller noise Inputs. 

83-567 

A Mathenutieal Model for Noiae Propafation Be- 

tweenBuOdinga 

H. Kuttruff 
Institut f. Technische Akustik der Rheinisch-West- 

fälischen Technischen Hochschule Aachen, Aachen, 

Germany, J. Sound Vib., J& (1), pp 115-128 (Nov 8, 

1982) 7 figs, 1 table, 11 refs 

Key Words: Sound propagetlon, BuiMIngi 

Noise propagation In residential areas and sbnliar environ- 
ments is characterized by multiple scettering of sound 
between buildings. Approximate solutions to this problem 
ar obtalnad by modeling this type of propagetlon as diffu- 
sion of Incoherent sound particles. These solutions describe 
the gross dependence of sound energy density on the distance 

83-569 

Noiae Control in the Deaign of Proeeaa Plinta 
J.B. Erskine 

Imperial Chemical Industries, Ltd., North East 

Region Engrg. Dept., Billingham, Cleveland, UK, 

instn. Mech. Engrs., Proc, 296, pp 199-216 (Sept 

1982) 24 figs, 8 tables, 20 refs 

Kay Words: Industrial facilities. Noise reduction 

The design of process plants must Incorporate noise control 
since retro-fitting is impracticel on both technical and eco- 
nomic grounds. While the method of approech depends on 
particular circumstances, key factors common to all projects 
ara: setting of realistic «Mclflcetlons: establishing working 
procedures which ensure full cooperation by all members 
of the design team; early Identiflcetion of the most difficult 
problems so that the most econom«. »fcitions can be gener- 
eted: utilization of good and bed weperience from previous 
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proltcti to minimlz« nolN control coiti, thlt form« the 
batlc work load in mo« proltcti; «valuation of th« com- 
platad plant to that the dagraai of wccan can ba determined 
and lauoni can be learned for future project*. Theie, end 
tome technical awtaeti, are covered in this paper. 

83-570 
Vibration Characteriitici of Braaa butniment Belli 
P.S. Watklnson and J.M. Bowsher 
Inst. of Sound and Vib. Res., Univ. of Southampton, 
Southampton S09 5NH, UK, J. Sound Vib.,^ (1), 
pp 1-17 (Nov 8,1982) 5 figs, 3 tables, 12 refs 

Downsview, Ontario, Canada M3M 1J8, Noise Con- 
trol Engrg., 19 (2), pp 41-48 (Sept/Oct 1982) 9 figs, 
29 refs 

Key Word* Nolle barrier» 

The two mon common highway nolie berrler itructurei ere 
eerth bermi and thln-welli. Yet, the relative acouitical 
performance of thaw barrlen it not completely underitood. 
Preliminary remit« of teitlng indicate thet thin-walli and 
earth bermi of the tame height ere about equally effective 
In reducing nolie. The acouitical effectlveneu of wall/earth 
barm comblnatiom ii found to be quite timilar to that of 
thin-wall» alone. The practice of erecting relatively low waili 
on top of earth barm» wa» found to be an acouitically good 
»olution. 

Key Word»: Belli, Muiical Initrumanti, Natural frequencle», 
Mode ihapei, Acouitic excitation, Vibration re<pon»e. Finite 
element technique» 

Finite element technique! are uwd to itudy the mode fre- 
quencle» end ihapei of trombone belli. The reiponiei of the 
modei to acouitic excitation are calculated and general 
revonie levaii preiented. 

83-571 
Reflection of Sound by a Boundary Layer 
R.S. Brandend R.T. Nagel 
Dept. of Mech. Engrg., Univ. of Connecticut, Storrs, 
CT 06268, J. Sound Vib.,55 (1), pp 31-38 (Nov 8, 
1982) 6 figs, 8 refs 

83-573 
Traffic Noiae Generation of Aaphalt Road Surfaces 
A.T. Visserand R.N. Walker 
Natl.  Inst. for Transport and Road Research, Pre- 
toria,  South  Africa,   14  pp (1981)  (Presented at 
Intl.   Symp.   on   Transportation   Noise,   Pretoria, 
Oct 21-23,1981) 
N82-27872 

Key Word»: Traffic nolie, Nolie generation 

The nolie generating propertlei of different aaphalt road 
Mirfacing typei are comidared. Noiie level» at low and high 
•peed» were Inveitigated. 

Key Wordi: Sound reflection 

A method Ii given for the calculation of the reflection 
coefficient for plane wavei incident upon a plane boundary 
Mhen the acouitic medium flowi parallel to the plane and 
the rewlting boundary layer Ii of finite thickne». Rewlti 
are given for limited range» of the important parameteri, 
which are the Mach number of the flow, th« angle of Inci- 
dence, the thickne»» of the boundary layer, and th« acouitic 
admittance of the »olid boundary. 

83-572 
Are Earth Bermi Acouatkally Better than Thin-Wall 
Banrim 
J.J. Hajek 
Res. and Dev. Branch, Ontario Ministry of Transpor- 
tation  and  Communications,   1201   Wilson Ave., 

SHOCK EXCITATION 
(Also Me Noi. 437.466,471) 

83-574 
Application of the Finite Element Method for the 
Evaluation of Velocity Reaponae of Anvli 
C.W.S. To 
Dept. of Mech. Engrg., Univ. of Calgary, Calgary, 
Alberta, Canada T2N 1N4, J. Sound Vib., 84 (4), 
pp 529-548 (Oct 22, 1982) 7 figs, 5 tables, 16 refs 

Key Wordi: Anvili, Hammeri, Damped itructurei, Tramient 
excitation. Finite «l«m«nt ttchnlqu«. Natural fraquanciei, 
Mod« ihapei. Computer programi 
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Tht acouitlc •ntrgy rtdtatlng from an «laitlc rtructurt li 
dlrtctly rflattd to tht «Mtlal avarag« of tht mtan iqutrt 
vtloclty rtvonit of tht rtructurt to txcitation. A thaory for 
avaluatlng tht vtloclty rtiponit of unconitrtlnad and con- 
itralnad, dampad Mructurai, dlierttUad by tht f InKt tltmtnt 
mtthod, to tramient txcitatlom li givtn. A numtrlctl ap- 
proach employing tht normal modt-cum-rtcunivt digital 
filtering technique for tht dttarmlnatlon of vtloclty reiponie 
of dampad ttructurti to trbltrary tranilent axeltationi li 
alto Included. 

83-575 
Evolution  and   Diffraction of Random Wavea in 
Solidi 
A.I. Beltzer 

School of Aerospace, Mech. and Nuclear Engrg., 

Univ. of Oklahoma, 865 Asp Avenue, Room 212, 

Norman, OK 73019, Computers Struc, J6 (1-4), pp 

495-498 (1983) 5 figs, 16 refs 

Key Words: Wave propagation, Random wavti 

This paper prtttnti t «jrvty of recant rtwiti obtained on 
random wave« propagating in regular (nonrandom) wild 
madia. Applicationi to materiell iclence and the dynamics 
of embedded structures are discussed. 

Dept, of Mech. Engrg., Univ. of Edinburgh, Edin- 
burgh EH9 3JL, UK, J. Sound Vlb., 84 (4), pp 563- 
572 (Oct 22,1982) 9 figs, 1 table, 6 refs 

Key Words: Shock wavt propagation. Underwater struc- 
tures. Shock tuba tatting, Cavitatlon 

A one dimtnslonal lumped paramtter thtortticti model Is 
developed to predict the occurrence of recompection waves 
associated with bulk cavitatlon following the reflection of a 
pressure pulse from a free surface. Experimental data Is ob- 
tained from a simple shock tuba for comparison with the 
theoretical model and with that of Cushing whose work 
covers the classic explosion pulse. It is concluded that the 
model presented here predicts the occurrence of recompec- 
tion waves reasonably wall and can have significent edvan- 
teges over previously published work. 

83-578 
Nuclear Blait Retponae of Airbreathing Propulaon 
Syitemt: Laboratory MeawremenU with an Opera- 
tional J-85.5 Turbojet Engine 
M.G. Dunn and J.M. Rafferty 
Aerodynamic Res.  Dept., Calspan Advanced Tech. 
Ctr., Buffalo, NY  14225, J. Engrg. Power, Trans. 
ASME, 204 (3), pp 624-632 (July 1982) 14 figs, 
7 refs 

83-576 
Weak Shock Waves h Heat Conducting Theimo- 
elaitic Materials 
E. Ukeje 
Dept. of Mathematics, Univ. of Nigeria, Nsukka, 
Nigeria, Intl. J. Engrg. Sei., 20 (12), pp 1275-1290 
(1982) 3 figs, 16 refs 

Key Words: Turbojet anginas, Nucleer explosion effects. 
Shock waves, Experimental test data 

This paper describes an experimental technique that has been 
developed for the performance of controlled laboratory 
meesurements of the nuclear blast response of airbreathing 
propulsion systems. 

Key Words: Shock wavt propagation 

An attempt is made to study the propagation of week shock 
waves in heat conducting materials. The aquation for deter- 
mining the velocities of propagation it derived and expres- 
sions for the velocities in linear elastic materials are obtained. 
The equetions governing the growth and decay of the wave 
amplitude are obtained and studied for shock waves of arbi- 
trary form In linear thermoelattlc body. 

83-577 
Bulk Cavttation in a Vertical Water Filled Shock Tube 
M.R. Oriels 

83-579 
Nudear Air Blaat Effects 
M. Fry 
Science Applications, Inc., McLean, VA, Rept. 
SAI-83-836-WA, 98 pp (June 1982) 
AD-A117 436 

No. 

Key Words: Air blast. Shock waves, Nucleer weapons effects 

The accomplishmants achieved over the contract period are 
documented. Computational results for nuclear and conven- 
tional alrblast are presented. Improvements in the numerical 
algorithms are ditcusead. Thaoretical computation of shock 
waves Is compared with available data. 
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88-580 
Shock-Fitted Euler Sohitiom to Shock Vortex Inter- 
aetioni 
M.D, Salas, T.A. Zang, and M.Y. Mussalni 
NASA Langley Res. Ctr., Hampton, VA, Rept. No. 
NASA-TM-84481, 20 pp (May 1982) 
N82-28061 

Key Wordi: Shock wtvt«, Spectrum •nelytit, Flnlt» differ- 
ence method 

The Interection of e plener ihock weve with one or more 
vortexn ii computed uilng e pieiKfcMpectrel method end e 
finite difference method. The development of the vectral 
method it empheilied. In both methods the ihock weve ii 
fitted ei e boundery of the computetlonel domain. The 
reiuitt ihow good egreement between both computational 
method i. 

wlie development of the diiturbed flowfltld and to deter- 
mine iti dependence on the configuration geometry and 
Incoming flow condition!. The tecond objective wet to 
determine the verticei extent of the interaction on the fin. 

83-583 
Inveatigationa of Mach Reflection of a Shock Wave 
(Part 1, Configurationa and Domaini of Shock Re- 
flection) 
T. Ikui, K. Matsuo, T. Aoki, and N. Kondoh 

Kyushu   Univ.,   Hakozaki   Fukuoka,  812,  Japan, 

Bull. JSME, _25 (208), pp  1513-1520 (Oct 1982) 

11 figs, 13 rets 

Key Wordi: Shock wave reflection. Wallt 

83-581 
Charactencation of the Shock Attenuation Prop- 
erties of Lightly Compacted Damp Earth 
G.W. Dyckes 
Sandia Natl.  Labs., Albuquerque, NM, Rept. No. 
SAND-81-1853, 15pp(Aug 1981) 
DE82008489 

Key Wordi: Ground ihock, Shock weve attenuation 

The ihock-mitigeting propertiei of lightly compected damp 
elhivkim pieced over hemlvhericel airfece chergei of compo- 
sition C-4 expioilve ere deicribed. 

83-582 
Blunt Fin-Induced Shock Wave/Turbulent Boundary- 
Layer Interaction 
D.S. Dolling and S.M. Bogdonoff 
Princeton Univ., Princeton, NJ, AiAA J., 20 (12), pp 
1674-1680 (Dec 1982) 15 figs, 28 refs 

Key Wordi: Interection: ihock wevee-boundery leyer 

Reailti from en experknentei study of blunt fin-Induced 
ihock weve/turbulent boundery-leyer interection ere pre- 
«anted. Semi-infinite fin modelt with hemicylindricai, un- 
«wept leading edges were tested In Mach 3, high Reynoldi 
number, turbulent boundery leyer*. The progrem had two 
fundementel objectlvei. The f Irrt wei to exemlne the aun- 

When a plane moving ihock weve encounter! an inclined 
well, it it reflected by the wail. In thaw reflection problem!, 
four different types of reflection have been observed In 
prevkxi! ihock tube experiment!: regular reflection, lingie- 
Mach, complex-Mach, and double-Mach reflectioni In the 
prewnt itudy, the reflection phenomena of the ihock waves 
are inveitigeted experimentally over e wide range of incident 
ihock Mach number! end wedge englei uilng air or chloro- 
fluoro-carbon (Freon-12), ai a working gat. In the experi- 
ment uilng Freon-12, e new type of reflection which cannot 
be clauif ied into any one of the above four typet it obierved. 
The domaini where the» five typet of reflection can occur 
and the tramition boundaries from one type of reflection 
to another are diicuiied. 

83-584 
A Study of Power Spectral Density of Earthquake 
Accelerograms 
P. Moayyad 
Ph.D.  Thesis,  Southern  Methodist  Univ., 313 pp 
(1982) 
DA8219435 

Key Wordi: Earthquake!, Power «wctral demity, Time- 
dependent parameter! 

An examination of recorded earthquake accelerogram! indi- 
cate! their nonitetionery characteriitici; that ii, their itatii- 
tlcal propertiei very with time. The nonitationary charac- 
teriitic tekai a g>eciel form whan the itrong motion part of 
the record ii comidered. It iidemonitretad in thii itudy that 
within the itrong motion duration the thort time mean 
square value variet with time, whereat the frequency itruc- 
ture of the record remeim time-invariant. Thii conciuiion 
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iMdi to the luumptlon thit the strong motion wgmenti of 
•cctltrogrimi can be comWered to form • locally itatlonary 
random procen The power ipectral density of such a process 
Is a function of both time and frequency. 

83-585 
Optimized   Earthquake  Simulation  for  High-Reli- 
ablhy Aaeimic Deagn 
A. Baratts 
Istituto di Costruzioni - Facolta' di Architettura, 

Univ. of Naples, 1-80134, Naples, Italy, Nucl. Engrg. 

Des.,21 (3), pp 299-300 (Aug 11,1982) 1 fig, 2 rets 

Key Words: Seismic design. Earthquake simulation 

The chance to couple random-search optimization with 
procedures to generate earthquake-type functions Is out- 
lined. The purpose is to produce simulated earthquake* of 
the kind that are the most dangerous for the structure 
under examination, thus contributing to reduce the uncer- 
tainty In the calculations. 

88486 
The MX Shelter Analysis 
J. Isenberg, H.S. Levine, R. Smilowitz, and D.K. 

Vaughan 

Weidlinger Associates, 3000 Sand Hill Rd., Bldg. 4, 

Suite 245, Menlo Park, CA 94025, Shock Vib. Bull., 

U.S. Naval Res. Lab., Proc. 52, Supplement 1,pp95- 

104, Oct 1982, 13 figs, 3 refs (52nd Symp. Shock 

Vib., New Orleans, LA, Oct 26-28, 1981, Spons. 
SVIC, Naval Res. Lab., Washington, DC) 

Key Words: Protective shelters. Missiles, Interaction: soil- 
structure. Shock tests, Ground shock. Air blast 

A one-fifth size generic horizontal shelter was subjected to 
airblast and ground shock loading in a dynamic air blast 
simulator. A pretest analysis of soil-structure interaction and 
and structural response was performed, The scope of the 
pretest analysis included modeling the airblast; developing 
cap modal parameters for the netlve soil end backfill cradle; 
generating a three-dimensional TRANAL soil-structure 
model using the soil island approach; and generating free- 
field ground motion input to the soil island model. 

83487 

The Lie of Structural Reaponae Calculationa for 
Aaaeaamg MX Airblait Simulation 
J. Isenberg, H.S. Levine, D.K. Vaughan, and E.G. 
Richardson 
Weidlinger Associates, 3000 Sand Hill Rd., Bldg. 4, 
Suite 245, Menlo Park, CA 94025, Shock Vib. Bull., 
U.S. Naval Res. Lab., Proc. 52, Supplement 1, pp 
105-110, Oct 1982, 5 figs, 4 refs (52nd Symp. Shock 
Vib., New Orleans, LA, Oct 26-28, 1981, Spons. 
SVIC, Naval Res. Lab., Washington, DC) 

Kay Words: Protective shelters. Missiles, Air blast. Computer 
programs. Finite element technique 

This paper describes the results of 3-dlmensionel TRANAL 
finite element calculations In which a generic MAPS protec- 
tive horizontal shelter is subjected to airblast from severe! 
different explosive simulators. The purpose of the calcula- 
tions is to evaluate candidate shaped HEBT configurations 
by comparing the effects which the different airblast pres- 
sures have on structural response. 

83-588 
Optimization   of   Hardened   Facility   Designs  for 
Nuclear Attack 
L.E. Ostermann and J.D. Collins 

J.H. Wiggins Co., Redondo Beach, CA 90277, Shock 

Vib. Bull., U.S. Naval Res. Lab., Proc. 52, Supple- 

ment 1, pp 111-126, Oct 1982, 13 figs, 5 tables, 

4 refs (52nd Symp. Shock Vib., New Orleans, LA, 

Oct 26-28, 1981, Spons. SVIC, Naval Res. Lab., 
Washington, DC) 

Key Words: Protective shelters. Hardened installations. 
Nuclear weapons effects 

A methodology is presented for optimizing shelter designs 
subjected to nucleer attack. The model accounts for un- 
certainty In the weapons effects, the responses and the 
capabilities of the critical component! Using a reference 
sat of design parameters es a basis, these design parameters 
are adjusted using a nonlinear multivariate optimization 
technique to maximize survival probability given a specified 
budget. A cost equation is included to eccommodate changes 
In component costs when the velue of the design parameters 
Is changed. 

83489 
Analysis of an Exploave Test on Physical Security 
Devices 
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W.-W. Shen 
Counter Surveillance/Counter Intrusion Lab., U.S. 
Army Mobility Fquipment Res. and Dev. Command, 
Fort Belvoir, VA 22060, Shock Vib. Bull., U.S. Naval 
Res. Lab., Proc. 52, Supplement 1, pp 45-58, Oct 
1982, 13 figs (52nd Symp. Shock Vib., New Orleans, 
LA, Oct 26-28, 1981, Spons. SVIC, Naval Res. Lab., 
Washington, DC) 

Kay Word* Exploiion tfftcti, Initrumantttlon mponw, 
MMwring Initrumtnti 

An analytlt It glvtn of • «>icitl ixploilvi tnt Involving thrM 
txploilvM which wtrt dttonattd Hparattly In tlmt on tht 
top outiUa of a tnagailna. Physical «eurlty taniori and 
tranciuceri wara initilltd on the Inner wall of tha magailna 
and tha davlcai Includad: pa$«lva ultrasonic motion tantor, 
vibration tanior. Impact detector, acealaromatart, strain 
•amitlve cable and low-frequency microphone. Tha purpose 
of tha exercise was to test the survlvablllty of these devices 
under the explosions and to acquire a data base for signature 
analysis, among other obisctlves. 

M.A.E. Ghabrial 
Ph.D. Thetis, Univ. of Southern California (1982) 

Key Words: Nonlinear systems. Free vibration. Periodic 
re«>onse. Finite element technique. Mess-wing systems, 
Plates, Shells 

Two different techniques for dynamic analysis of geometri- 
eally nonlinear structures are developed. Applications of the 
proposed techniques for particular structural configurations 
are presented. Numerical solutions of each case are compared 
with those found in the literature. 

83492 
Dynnnic ReipoaM of a Saturated Poroelastic Half- 
tptM to Impoaed Surface Loadinga 
M.R. Halpern 
Ph.D. Thesis, Carnegie-Mellon Univ., 165 pp (1982) 
DA8219021 

VIBRATION EXCITATION 
(Also see Nos. 629, 574) 

83490 
Excitation of Finite ViacoeUitic Solid on Springt 
J.M. Fillerup and A.P. Boresi 
Mason Hanger Division of Pentex, Amarillo, TX, 
Nucl. Engrg. Des., 71 (2), pp 179-193 (Aug 1,1982) 
14figs,6refs 

Key Words: Half-«Mce, Porous media, Harmonic excitation 

The equivalent of Lamb's problem Is reformuleted for e 
liquid-seturated poroeiestic helfspaca, the objective being to 
evektete the response of the solid and fluid phasss to har- 
monic concentrated loads applied to each phase. The poro- 
eiestic solutions are evaluated over a broad range of perme- 
ebllitlei and freuendes. A methodology is then introduced 
by which these results are treated es Green's functions 
which are used to evaluate the response of the helfspece to 
the harmonic vertical and rocking motions of rigid pervious 
and Impermeable plates. Helfspaca compliances end contect 
stresses for the solid and fluid are presented. 

Key Words: Viscoelestic media. Springs, Periodic excitation 

Tha objective of this study is to predict the dynamic response 
of e finite three-dimensional cylindrical standard viscoelestic 
body supported on the bottom by a spring foundation and 
subjected to periodic exial force, twist, shear and rocking 
moment disturbances transmitted through a rigid circular 
plate bonded concentricelly to the top of the body. The 
results of the analysis may be of use to aid in tha proper 
design of foundations for radar towers, massive reciprocating 
anginas or compressors, vibration and eerthquaka simulators, 
etc. 

83-591 
Analyais of Free and Steady State Vibrationa of Non- 
linear Stnicturea Uang the Finite Element Method 

83-593 
Flutter and Vortex Excitation of Rectangular Priana 
in Pure Toraion in Smooth and Turbulent Flows 
Y. Nakamura and T. Yoshimura 
Res. Inst. for Appl. Mech., Kyushu Univ., Fukuoka, 
Japan, J. Sound Vib., M (3), PP 305-317 (Oct 8, 
1982)7figs, 16refs 

Key Words: Prismatic bodies. Flutter, Torslonal vibration. 
Vortex-induced vibration 

Maesuremants on torslonal flutter and vortex excitation of 
rectengular prisms with depth-to-height ratios ranging from 
0*2 to 6»0 ware made over a wide range of wind «teed In e 
smooth and In a grid-generated turbulent flow. Particular 
attention was paid to finding tha effect of turbulence on 

78 



torilonil fkitttr and vorttx mcltttion. It li ihown that 
thtft an ctwraetirlitlcally dlffirmt tffteti of turbultnc« 
on thrM typ« of Inmbilltv: high «xad and low vaad 
tortlonal f kitttr and vortax axeKation. 

Dept. of Appl. Mathematics, Univ. of Adelaide, 
Adelaide, South Australia 5001, J. Sound Vib., 

£& (1), pp 85-103 (Nov 8, 1982) 6 figs, 2 tables, 

32refs 

83-594 
Detemiiutioa of the Service Life of Lubrication 
Systems with Routing Friction Partners Oscilating 
in Oppoation to Each Other (Bestimmung der 
Lebensdauer von Sduniersystenwn mit sich gegen- 
einander o«ilIietend drehenden Reibpartnern) 
D. Severin and D. Schmidt 
VDI Z, 1^4 (12), pp 447-452 (June 1982) 13 figs, 

6refs 
(In German) 

Kay Words: Lubrication, Friction 

Tha articla daicrlbat a prooadura by which the lubricating 
oondltiont In friction pair« with Htrtiian contact urfacas 
and with rotating tlamants OKlllating in opposition to each 
other can ba invattlgatad and by which the aarvica lift of 
weh lubricating systams can ba datarmlnad. Sinoa tha tait 
paramatari can aasily ba matched to operating oondltiont, 
the resulti are directly trcnifereblc to practice. 

Key Words: Reionetort, Helmholtz resoneton, Cevlty reio- 
natort. Matched asymptotic expansion technique 

The response of e three dimenilonel cevlty to an extern«! 
excitetion it exemlned. By using the technique of metched 
etymptotic expenttont the full retponte curve it predicted, 
and the low frequency Helmholtz mode it ttudied in tome 
detail. The rewltt ere compered with thote of Reyleigh end 
othen to reveel tome interetting differences. 

83-597 
Response  of Self-Excited   Two-Degree-of-Freedom 
Systems to Multifiequency Excitations 
K.R. Asfar, A.H. Nayfeh, and D.T. Mook 
Yarmouk Univ., Irbid, Jordan, J. Sound Vib.,£4 (2), 

pp 199-221 (Sept 22,1982) 23 figs, 9 refs 

Key Wordt: Two degree of freedom tyttemt, Multlfrequency 
excitation 

83495 
A Self-Phase Modulated Oscillator and Some Implica- 
tions 
B.Z. Kaplan and K. Radparvar 

Dept. of Electrical Engrg., Ben-Gurion Univ. of the 

Negev, P.O. Box 653, Beer Sheva 84120, Israel, J. 

Franklin Inst., .214 (4), pp 211-217 (1982) 4 figs, 

10 refs 

Kay Words: Oscillators 

A talf-phata modulated slnewave otcillator Is proved to per- 
form as a periodic function ganaretor. Tha system is investi- 
gatad oomprehenttoely and is shown to ba capable of gener- 
ating a variety of non-sinusoidal waveforms. The change 
from tha generation of one wavaforni to the generation of 
another Is atteined by tha variation of a relatively simple 
function in a dceletal modal which does not change. 

The retponte to multlfrequency excitetion of e two-degree- 
of-freedom telt-excited tyttem it analyzed uting the method 
of multiple tealat. Three catet of retonence ere contidered: 
wperhermonic, primary, and subharmonic. Alto contidered 
It the cate of simultaneous suparharmonic and tubharmonic 
retonence. Steady tteta end stability enelytet carried out for 
eech cete and numaricel results are presented showing the 
Influences of the severel poramatars. 

83-598 
Methode for Minimisation  of Solution Costs for 
Transient Dynamic Analysis of Nonlinear Periodic 
Structures 
J.S. Van Kirk, W.T. Bogard, and L.R. Wood 

Nuclear Tech. Div., Nuclear Energy Systems, Westing- 

house Corp., Pittsburgh, PA 15230, J. Pressure Vessel 

Tech., Trans. ASME, iM. (3), PP 159-160 (Aug 

1982) 2 figs, 4 refs 

83496 
The Three Dknensbnal Cavity Resonator 
G.R.Bigg 

Kay Words: Periodic ttructurei. Nonlinear tyttemt, Trentient 
rauKMMS 

Techniques are detcrlbed for the trentient dynemic enelytlt 
of nonlinear periodic ttructurei. These techniques consider 
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th« veclal chancterlrtlci of periodic «ructurti In conjunc- 
tion with the pMudo-forct approach uilng numarical inte- 
gration to reduce computerized wlution coitt Compariaoni 
with a general purpoie finite element code demonitrate the 
nvingi In aolution coiti. 

equetiom daicribing Independently cumulative damage In 
the two caiei. Nonlineer interaction between creep end 
fatigue reiulti from the cumulative rule«. The elm of the 
paper it to remember the emntial features of the approach 
and to apply it to the cate of the 304 ttainleii «eel on the 
baiit of experimental data taken from several publicatlont. 

MECHANICAL PROPERTIES 

DAMPING 
(See Not 482,484,602,642) 

FATIGUE 
(Also see No. 6») 

83-599 
Lifetime Prediction for Metallic Compcn^ntf Sub- 
jected to Stodutfic Loading 
H.H.E. Leipholz, T. Topper, and M. ElMenoufy 
Dept. of Civil Engrg., Univ. of Waterloo, Waterloo, 
Ontario, Canada, N2L 3G1, Computers Struc, ifi. 
(1-4), pp 499-507 (1983) 11 figs, 2 tables, 11 refs 

83-601 
Creep Fatigue Faiure in Austenitic Stainless Steels 
Relevant to Structural Performance 
R. Hales and B. Tomkins 

Central Electricity Generating Board, Berkeley, UK, 

ASME Paper No. 82-PVP-70 

Key Words: Fatigue (meterials). Steel 

Creep fatigue failure in austenitic stainless steels isext.nined 
over a wide range of applied strain levels. At low strain 
levels failure is unlikely to result from a simple creep process 
where small Increments of drainage are accumulated cycle by 
cycle. At higher strain levels the additional development of 
fatigue cracks can result in a dramatic reduction in apparent 
materiel toughness. 

Key Word«: Fatigue life, Steel, Stochastic processes 

The paper deals with estimating the fatigue life of metallic 
components of Van-80 steel subjected to stochastic loading 
of a certain kind. For this loading, the probebility of occur- 
rence of events causing demaga at well-defined levels can be 
calculated by means of combinatorics. These probabilities 
are then used in Miner's rule. 

83-602 
A Crack Model for Finite Element Analysis of Con- 
crete 
H.R. Riggs 
Ph.D. Thesis, Univ. of California, 166 pp (1981) 
DA8212083 

83-600 
Lifetime Predictions in 304 Stainless Steel by Damage 
Approach 
G. Cailletaud and J.-L. Chaboche 
Office National  D'Etudes et de Recherches Aero- 
spatiales, Chatillon, France, ASME Paper No. 82- 
PVP-72 

Key Words: Fatigue (materials). Steel 

The proposed method for high temperature lifetime predic- 
tions in structures is based on pure creep and pure fatigue 

Key Words: Reinforced concrete. Cracked media, Cyclic 
loading. Finite element technique 

Although much rasaerch has been directed toward developing 
procedures for the nonlineer analysis of reinforced concrete 
structures, a general procedure which accounts for ell the 
Important phenomena that affect the response has yet to 
be developed. The objective of the preeent research has been 
to increese the analytical capability for reinforced concrete 
structures subjected to cyclic loading. Specifically, the 
primary goal has been to model the transfer of shear forces 
across cracks. Towards this end, an attempt hes been made 
to develop a crack model which is based on the physical 
mechenisms Involved. The basic physics of the model involve 
a rigid surface sliding over a deformable surface, with friction 
acting between the surfaces. 
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83-603 
Advances in Computer Aided Dengn Againil Fatigue 
C. Musiol, J. Dr&oer, N. Sykes, and K. Morton 
British Rail Res. and Dev, Div., Derby, UK, Engineer- 

ing Research and Design - Bridging the Gap, Instn. 

Mech. Engrs. Conf, Publ. 1981 -7, pp 67-78, C234/81, 

8 figs, 3 tables, 9 refs 

Key Wordi: Fatigue life. Computer-aided techniquei, Detign 
techniquei 

A wite of computer programs hat been developed which 
allow« advanced fatigue analyiit procedures to be incorpo- 
rated into the overall engineering detign proceu. The pro- 
gramt provide an integrated tyttem of fatigue detign and 
service tignal atsetsment for materials and ttructural compo- 
nentt. Emphatit hat been placed on the ute of interactive 
graphict to display intermediate remits and enable the non- 
specialist to gain an understanding of the fatigue procettet 
involved. 

83-604 
Spall Fracture of Solid« 
D. Krajcinovic 

Mechanics and Metallurgy, Univ. of Illinois at Chi 

cago. Box 4348, Chicago, IL 60680, Shock Vib. Dig. 

UJID.pp 13-17 (Nov 1982) 21 refs 

ic photoelattic itochromatic fringe patterns associated with 
the crack propagating with the constant velocity. 

ELASTICITY AND PLASTICITY 

83-606 
Approximate Techniquea for Plaatk Deformation of 
Structures under Impulave Loading, III 
W.E. Baker 
Southwest Res. Inst, P.O. Drawer 28510, San An- 
tonio, TX 78284, Shock Vib. Dig., ü (11), pp 3-11 
(Nov1982)5figs,1 table, 22 refs 

Key Words: Impulse response. Plastic deformation. Reviews 

Topics of this review on approximate techniques for plastic 
deformation of structures under loading include research- 
oriented analyses, design-oriented analyses, and relevant 
experiment! A brief closure concludes the review; references 
since 1979 are listed. 

EXPERIMENTATION 

Key Words: Fracture properties. Crack propagation. Reviews 

This article contains a summary of general features of mate- 
rial fracture and crack propagation. Analytical methods are 
reviewed. Passive and active models are described and com- 
pared. 

83-605 
Analysis of Two-Parameter Crack Tip Stress Dy- 
namic Equations in View of Dynamic Photoelaa- 
tkity 
V. Humen, A. Rossler,and B. Striz 
College of Mech. and Textile Engrg., 461 17 Liberec, 
Czechoslovakia, Strojnicky Casopis, 33 (4), pp 439- 
455(1982) 14 figs, 19 refs 
(In Czech) 

Key Words: Photoelastic analysis. Crack propagation 

This paper describes the two-parameter method of analysis 
for determining the stress Intensity factor K from the dynam- 

MEASUREMENT AND ANALYSIS 

83-607 
A Method for Modal Identification of Lightly Damp- 
ed Structure* 
D.J. Ewinsand P.T. Gleeson 
Dept. of Mech. Engrg., Imperial College of Science 
and Tech., London SW7 2BX, UK, J. Sound Vib., 
£4 (1), pp 57-79 (Sept 8, 1982) 15 figs, 1 table, 14 
refs 

Key Words: Undamped structures, System identification 
techniques, Modal analysis 

In many cases modal tests are conducted on individual com- 
ponents of complex engineering structures where interest 
is confined to deriving an undamped model of the structure. 
A method is proposed for this task which demands a mini- 
mum of input data and which, in particular, does not require 
accurate measurements around resonance. The method is 
simple to program and its application to various practical 
structures is described. 
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83408 
Modal CroM-Spectnl T«mt May be Important and 
an Alternative Method of Anatyu be Preferable 
T. Dahlberg 
Oiv. of Solid Mech., Chalmers Univ. of Tech., S- 
41296 Gothenburg, Sweden, J. Sound Vib., 84 (4), 
pp 503-508 (Oct 22,1982) 2 figs, 6 refs 

Kiy Words: Crost «MCtral mtthod, Random axcitation. 
Bum*. Modal analytit 

Th« influence of modal eroM-vactral daniltlai on itructural 
ra«>onwt it diwuiaad for llnaar itructuras axcitad by narrow 
band ttationarv random proeaiwi For a ilmpta baam (true- 
tura it it ihown that thaia damitiai play an important role 
if tha rarrow band axcitation fallt clow to an anti-rannanca 
of th« itructurt. An altarnatlva formulation of tha »kition 
method, in which alto modal analytii it uNd, it given. It it 
* iwn that in »me cam of Imereit the alternative formu- 
r.tion yield* better accuracy and involve« lets computational 
frürk than the traditional wlution method. 

EH14 4AS, UK, J. Sound Vib., 84 (2), pp 191-198 
(Sept 22,1982) 4 figs, 2 tables, 5 refs 

Key Word* FUtonatori, Acoustic resonators, Acoustic 
axcitation 

Acoustically Induced vibrations in a rasonetor are studied 
for their dependence on «symmetric loading imbalance. Both 
amplitude and a>atial phaw are measured. Agreement with 
developed theory suggests a new method for determining 
ecoustlc directionality. 

83-611 
A Spectrum Analyaer for Acouitic Emiiaon 
I.G. Scott 
Aeronautical Res. Labs., Melbourne, Australia, Rept. 
No. ARL-MAT-TM-382, 17 pp (June 1982) 
AD-A117 720 

83-609 
Oeacription of a Coherent Light Technique to Detect 
the Tangential and Radial Vibntkma of an Arch Dam 
M. Corti, F. Parmigiani, andS.C.L Botcherby 
CISE S.P.A., 20090 Segrate, Milano, Italy, J. Sound 
Vib., 84 (1), pp 35-45 (Sept 8,1982) 12 figs, 1 table, 
10 refs 

Key Word«: Vibration detector«. Vibration meesurement. 
Dam« 

This paper describes e technique in which a laser light vibra- 
tion «en«or ba«ed on a Michel«on interferometer i« u«ed. 
With a 6 mW later the instrument will make meaeurament« 
on a moving target et range« greater then 200 m without 
u«ing retro-mfiective material«. Careful optimiiation of the 
electro-optic detign reduce« the effect« of environmental 
disturbance« and allow« vibration amplitude resolution of 
04 ßm with a flat retponm in the bandwidth 0*1 - 150 Hz. 
Field te«t« and actual maeturement« of the radial and tan- 
gentiel ditplecementt of an arch dam are thown. 

Key Word«: Spectrum analyzer«, Acou«tic emittion 

Frequency analy«i« of acouatic aminion (AE) involve« the 
capture end analyai«, or reel-time analytit, of an impultive 
or non-repetitive signal. The pretent ARL procedure involve* 
the ute of a transient recorder and conventional heterodyne 
«Metrum enelyzer, and no more than one event per five 
«econd« can be hendled. Clark and Mathleton (19771, and 
Grahem (1979), uted matched «et« of band-pa«« filter« whow 
center frequencie« were releted by a fixed retk». Thi« method 
of »ectrel analytit it fait, providet an output witable for 
hendling by e computer and, by raitricting tha number of 
band«, «uppre««et much unwanted detail in the tpectrum. 
It wat chotan for laboratory development and wet con- 
ttructed from available cheep component«. 

83-612 
Fluid Oacillator 
A.B. Holmes 
Dept. of the Army, Washington, DC, U.S. Patent No. 
4 291 395,6 pp (Sept 22, 1981) 

83410 
Directional Acouitic Detection by Reaonant Spatial 
Phaae 
D.M. Treherne, A. Quinn, S. Jardine, and P.O. Harper 
Dept.   of   Physics,  Heriot-Watt   Univ.,   Edinburgh 

Key Word«: OMilletor« 

A telemetry syitem i« di«cio«ed which utilize« a fluid feed- 
back oacillator in conjunction with a flow restricting device 
In order to generate pultat in a fluid. Meant are provided to 
turn the oteillator on or off or to vary the frequency of 
otcillation, thereby permitting the tran«mi««ion of informa- 
tion by mean«of the fluid pulae«. 
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83-613 
AenferometonL 1970 • Augiut, 1982 (CiUtioiu from 
the NTIS Data Bue) 
NTIS, Springfield, VA, 266 pp (Aug 1982) 
PB82-873274 

on tht othtr hand, can rwtal tht eontrlbutioni of individual 
•ourcti Thli irticle covert torn» of the background to wund 
Intamltv and Iti applicatlont. Additionally, a new lyitem it 
deteribed which allows the meawrement of «ound intemity 
In real-time. 

Key Words: Accaleromcters, Bibliograph las 

This bibliography contains citations concerning research, 
design, construction and applicetlons of aceelerometers for 
measurement of motion, vibration, medicine, roughness, 
waves, sheer stress, shock, and gravity. 

83414 
Calibration  Method for Acoustic  Scattering Mea- 
aurementa Using a Spherical Target 
L.R. Dragonette 
Dept.  of  the  Navy, Washington,  DC,  Rept.   No. 
PAT-APPL-6-364 098, 21 pp (Mar 1982) 

Key Words: Acoustic scattering, Calibrating, Measuring 

instruments 

This abstract discloses a method for calibrating acoustic 
backscatterlng instrumentation utilizing a spherical body as 
a standard target. A «iherical body made of high «tecific 
acoustic impedance materiel, such as tungsten carbide. Is 
positioned e given distance from e source/receiver transducer 
which is energized to produce a short acoustic pulse directed 
toward the «>here. Acoustic signals reflected from the sphere 
ere detected by the transducer end processed in time domain 
to separate the rigid portion of the return from the elastic 
portlom The rigid portion Is corrected for the transducer 
to sphere distance, the reflectivity of the «>here, and for the 
radius of the sphere. The resultant corrected signal represents 
the incident acoustic pulse produced by the transducer. 

83-615 
Sound Intensity - A Powerful New Measurement 
Tool 
R. Upton 
Bruel & Kjaer, Naerum, Denmark, S/V, Sound Vib., 
pp 10, 11-18 (Oct 1982) 21 figs 

Key Words: Sound intensity. Measurement techniques. Noise 
source identification 

Traditional sound pressure measurements Indicate the total 
sound pressure level et the receiver. Intensity measurements. 

DYNAMIC TESTS 
(Also see No. 589) 

83-616 
Development of the I roeH- E-.panding Ring Test 
for Measuring Dynamic Ni^i       Properties 
R.H. Warnas, R.R. Karpp, I.A. Duffey, A.E. Garden, 
and J.D. Jacobson 
Los Alamos Natl.  Lab., NM, Rept. No.  LA-UR-82- 
345, CONF-820516-8. 7 pp (1982) 
DE82008122 

Key Words: Dynamic tests. Testing techniques 

Modifications to the freely expending ring test for elimi- 
nating adverse two-dimensional effects ere described and 
Illustrated. The result Is to substentially increase the strain- 
rate range over which dynamic material property data can be 
rellebly obtained. Several different ring launching schemes 
are discussed, and data are presented that were taken with a 
particular shockless electromagnetic system. Results from 
initial attempts at measuring dynamic compressive properties 
with a contracting ring are presented. 

83-617 
A   Random Vibration Test for the Evaluation of 
Stiff Sensitive Component Parts 
R.W. Nankey 
Aircraft Equipment Div., General Electric Co., Utica, 
NY, J. Environ. Sei., 25 (5), pp 30-33 (Sept/Oct 
1982)5figs, 19refs 

Key Words: Random vibration. Vibration tests, Testing 
techniques. Electronic instrumentation. Spacecraft equip- 
ment response 

A test method is described thet can be used to simulate the 
effects of a high level random vibration environment on e 
clett of component pert». These components are charac- 
terized by having their resonant frequencies above the 
upper frequency limit of the applied vibration «>ectrum 
and by being structurally or functionally sensitive to the 
affects of vibration. 
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DIAGNOSTICS 

83-618 
Microdunnel-PUte   CRT   Added   to  ORcilloscope 
Speeds Fault Finding 
J. Geissinger 
Tektronix   Inc.,  Beaverton, OR,  Indus.  Res.  Dev., 
21 (11), pp 114-117 (Nov 1982) 4 figs 

An Investigation of the tribological psrformsnc* of duplex 
angular contact bearing« Wü conducted. Bearing performance 
wet determined experimentally through observatlont of the 
bearing speed ratio: the rat» of the outer bell pess frequency 
to the shaft rotational frequency. Comparisons of experi- 
mentally determined valuei with those developed by bearing 
analysis computer programs were used to formulate an 
understanding of the mechanisms that induce ball skidding 
and noise of such bearings in vertically mounted rotating 
machinery. 

Key    Words:    Oscilloscopes,    Diagnostic   instrumentation 

The inability of a standard CRT oscilloscope to detect a 
fault in an electronic system may be due to the low writing 
rate of the scope. A new development in the CRT tech- 
nology is described which uses a microchannel plate to 
increase the gain in CRT by a factor of 1,000. This enables 
to see design problems quicker and easier than the usual 
trial and error method. 

83-621 
Inatability in a Turbo Generator Rotor 
A. Akers 
Engrg. Res. Inst. and Dept. of Engrg. Science and 

Mech., Iowa State Univ., Ames, IA 50011, Proc. 

Natl. Conf. on Power Transmission, 9th Annual Mtg., 

Houston, TX, Nov 16-18, 1982, pp 51-57, 4 figs, 

1 table, 8 refs 

83-619 

Toraonal Vibration Analysis -- Caae Histories 
H. Schwerdlin 

Lovejoy, Inc., 2655 Wisconsin Ave., Downers Grove, 
IL 60515, Proc. Natl. Conf. on Power Transmission, 

9th Annual Mtg., Houston, TX, Nov 16-18, 1982, 

pp 217-221, 15 figs, 8 refs 

Key Words: Beeringi, Turbogenerators, Dynamic stability. 
Oil whip phenomena 

A turbo generator set of 11.5 MW capacity is described which 
exhibited abnormal oil temperature rise in one of the four 
journal bearings which support the spindle. In addition to 
this temperature rise, evidence of oil whip was observed at 
a power output of approximately 7.5 MW. 

Key Words: Diagnostic techniques. Torsions! vibration 

This paper sets out to present the importance of torsional 
vibration to those unaware of its causes and effects, and to 
diagnose premature, torsionally induced failures. By pre- 
senting case histories, along with system models and the re- 
sults of on-site measurements, it is hoped that the importance 
of this design step is not overlooked. 

ANALYSIS AND DESIGN 

ANALOGS AND ANALOG COMPUTATION 
(See No. 639) 

83-620 
A Tribological Study of Ball Skiddiif in Angular 
Contact Bearingi 
G.J. Philips and J.F. Dray 
David W. Taylor Naval Ship Res. and Dev. Ctr., 
Annapolis, MD 21402, Proc. Natl. Conf. on Power 
Transmission, 9th Annual Mtg., Houston, TX, Nov 
16-18,1982, pp 169-176,23 figs, 17 refs 

Key Words: Diagnostic techniques. Bearings, Ball bear- 
ings 

ANALYTICAL METHODS 
(Also see No. 574) 

83-622 
Periodic System Analysis with Application to Wind 
Turbines 
M. Bahrami 
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Ph.D. Thesis, Oregon State Univ., 109 pp (1982) 
DA8224105 

Kay Wordt: Turbinat, Mind turbinti, Turbutonct 

An algorithm it davalopad to compute the time averaged, 
output itatiitlci of a linear tyitem with periodic coefficient! 
forced by itationary white nolle. The algorithm makei UM 

of Floquet theory and introduce! the averaged lyitem 
dynamic! matrix to obtain more fevorable numerical perfor- 
mance. The time wie! approach to averaged itatistic! it el» 
examined. Application ii made to a wind turbine lyrtem 
with atmo^iheric turbulence. 

Option! for reducing the computational complexity of the 
doubly aiymptotic approximation are examined. Two 
approacha!, the PWAM plate approximation and the PWAM 
cylinder approximation, are propoied. Remit! from a term 
of «mail, two<f Imemionel teit problem! are prewnted. 

83425 
Nonlinear Finite Element Formulations for Dynamic 
Analyaa of Meehanimu with Elastic Components 
O.I. Sivertsenand A.O. Wallen 
Univ. of Trondhelm, Norway, ASME Paper No. 82- 
DET-102 

83-623 
Doubly Asymptotic Approximations as Non-Reflect- 
ing Boundaries in Fluid-Structure Interaction Prob- 
lems 
M.S. Soliman 
Ph.D. Thesis, Columbia Univ., 45 pp (1982) 
DA8222490 

Key Word!: Interaction: ttructure-fiuid. Doubly aiymptotic 
approximation 

Acouitic approximation! are differential relation! between 
induced preeaure and velocity In an acouitic medium. Inthii 
paper a procedure ii presented for applying the acoustic 
approximations on a fluid eurface which encloee! the struc- 
ture and has a geometry for which virtual man and fitting 
matrice! have been previously determined. The reiponie 
may than be obtained by solving numerically the coupled 
fluid-structure equation! in the finite region inside the fluid 
boundary, which, approximately, !• a non-reflecting bound- 
ary. 

Key Word!: Finite element technique, Mechaniimi, Compo- 
nent mode lyntheii! 

Large d placement finite element formulation! are prewnted 
for determining the dynamic reiponie of elaitlc mechaniemi 
experiencing the nonlinear effect! from large rigid-body 
rotation!. Two different epproachei are formulated, one 
direct formulation including all degree! of freedom at pri- 
mary element level in the Mlution, end another for reducing 
the problem ilze by e wperelement technique and the 
component mode lyntheiii method. 

83-626 
The Initial Value Problem for the General Dynamic 
Equations in Nonlinear Elasticity Theory 
H. Beckert 
Karl-Marx Universität, Sektion Mathematik, DDR 
7010 Leipzig, Karl Marx-Platz, E. Germany, Z. 
angew.  Math. Mech., 62 (9), pp 357-369 (1982) 

83-624 
Simplified Doubly Asymptotic Approximations for 
Fluid-Structure Interaction 
A.S. Kushnerand D.E. Rarrta 
Paciffca Technology, McLean, VA, Shock Vib. Bull., 
U.S. Naval Res. Lab., Proc. 52, Supplement 1, pp 
1-14 (Oct 1982) 15 figs, 19 refs (52nd Symp. Shock 
Vib., New Orleans, LA, Oct 26-28, 1981, Spons. 
SVIC, Naval Res. Lab., Washington, DC) 

Ksy Wordi: Interaction: structure-fluid. Doubly aiymptotic 
approximation. Plates, Cylinder! 

Key Words; Boundary value problem! 

The Initial value problem for the general dynamic equations 
In an elastic continuum Ii »Ived. A new form is introduced 
for these equation! and a limple approximation is defined 
for the lolutioni of the problem along a difference Kheme 
in the time direction calculating the changing stress con- 
figurations. 

83-627 
Periodic Rayleigh Waves of Finite Amplitude on an 
Isotropie Solid 
N. Kalyanasundaram and G.V. Anand 
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Dept. of Elec. Communication Engrg., Indian Inst. 
of Science, Bangalore-560012, India, J, Acoust. 
Soc. Amer., 72 (6), pp 1518-1523 (Nov 1982) 2 
figs, 15 refs 

Kiy Word«: Rayltlgh wivet, Wave propigation. Boundary 
value problems 

Existence of a periodic progressive wave solution to the 
nonlinear boundary value problem for Raylaigh surface 
waves of finite amplitude is demonstrated using an extension 
of the method of strained coordinates, The solution, ob- 
tained as a second-order perturbation of the linearized 
monochromatic Raylaigh wave solution, contains harmonics 
of all orders of the fundamental frequency. It is shown that 
the higher harmonic content of the wave increases with 
amplitude, but the slope of the waveform remains finite 
so long as the amplitude is less than a critical value. 

83428 
On a Varktioiul Theorem in Acouato-Elaitodynunica 
B.S. Thompson 
Dept. of Mech. Engrg., Wayne State Univ., Detroit, 
Ml 48202, J. Sound Vib., Q2. (4), pp 461477 (Aug 
22,1982) 5 figs, 25 refs 

Key Words: Variational methods. Equations of motion. 
Vibrating   structures,   Acoustic   properties,  Sound  waves 

A variational theorem is presented which may be used as a 
basis for developing the equations of motion and the bound- 
ary conditions appropriate for studying the vibrational 
behavior of flexible bodied systems and the surrounding 
acoustic medium. The theorem is a generalization of two 
theorems which are both based on the principle of virtual 
work; the first governs the elastodynamlcs of the mechanical 
system and the second governs the behavior of the fluid 
medium. 

83-629 
A New Approach for the Calculation of Reiponae 
Spectral DenaUy of a Linear Stationary Random 
Multidegree of Freedom Syatem 
A.M. Sharan, S. Sankar, and T.S. Sankar 

Dept. of Mech. Engrg., Concordia Univ., Montreal, 

Canada H3G 1M8, J. Sound Vib., £2 (4), pp 513- 

519 (Aug 22,1982) 2 tables, 8 refs 

Key Words: Response spectral density. Random vibration 

A new approach for the calculation of reaaonse spectral 
density for a linear stationary random multidegree of free- 

dom system is presented. The method is based on modifying 
the stochastic dynamic equations of the system by using a 
set of auxiliary variables. The response spectral density 
matrix obtained by using this new approach contains the 
spectral densities and the cross-«>ectrel densities of the 
system generalized displacements end velocities. The new 
method requires significantly less computation time as 
compared to the conventional method for calculating re- 
sponse spectral densities. Two numericel examples ere 
presented to compare quantitatively the computation time. 

MODELING TECHNIQUES 

83-630 
The Concave Model for Calculating the Propagation 
of Noiae from Open-Air Induitrial Plants 
K.J. Marsh 

BP Group Engrg. and Technical Ctr., Britannic House, 

Moor Lane, London EC2Y 9BU, UK, Appl. Acoust., 

15. (6), pp 411-428 (Nov 1982) 9 tables, 20 refs 

Key Words: Mathematical models. Industrial facilities. Noise 
generation, Sound propegation 

This paper describes e propagation model for calculating 
neighborhood-noise from open-air Industrial plants such as 
oil refineries end petrochemical plants. It was developed 
from a preliminary model derived from a comprehensive 
survey of the literature on noise propagation. The aim was to 
develop a model which used parameters end procedures 
evailable to engineers engaged in plant design. 

83-631 
Finite Element Simulation for the Acoustical Re- 
sponse of Closed and Open Spaces 
M.J. Stanko and A. Seireg 

Dept. of Mech. Engrg., Univ. of Wisconsin-Madison, 

Computers Mech. Engrg.,_1.(6), pp 28-34 (Oct 1982) 

11 figs, 22 refs 

Key Words: Simulation, Finite element technique. Acoustic 
excitation. Vibrating structures 

A structural finite element code is presented for modeling 
open and closed acoustic spaces subject to a vibrating plate. 
The code provides an appropriate selection of finite element 
grid pattern, element size, integration time step, and effec- 
tive elastic properties for air. Although rigid boundaries end 
no acoustical damping were considered, the modeling scheme 
can be readily extended to incorporate natural damping and 
solid-fluid interaction. 



83-632 
Calculation of Elaatomerk Bearing! - Material The- 
ory and the Application of the Finite Element 
Method (Beitrag sur Berechnung von Elaitomer- 
lagern - Materialtheorie und Anwendung der Meth- 
ode der Finiten Elemente) 
C. Schliekmann 
Fortschritt-Berichte VDI-Zt., Series 1, No. 91, 102 
pp (1982) 93 figs, 2 tables. Summarized in VDI-Z, 

124 (20), p 796 (Oct 1982). Avail: VDI-Verlag 
GmbH, Postfach 1139, 4000 Dusseldorf 1, Germany, 

Price 65.-DM 

(In German) 

Key Words: Layered materiell, Elaitomert, Metelt, Finite 
element technique, Approximation method! 

Laminate« comiiting of alternating eleitomer-metel layers 
are used in the construction of bearings of quasi-universal 
joints for helicopters. In the design of such components 
current approximation formulas do not take into considera- 
tion the effect of metal layers. In this report, e finite element 
model is presented for e more realistic approximation of the 
itotropically incompressible or the quasi incompressible 
behavior of the material. 

83-633 
A General Procedure for Improving Subitnicturet 
Repreientation h Dynamic Syntheiii 
A.L. Hale and L. Meirovitch 

Dept. of Engrg. Science and Mech., Virginia Poly- 

technic Inst. and State Univ., Blacksburg, VA 24061, 

J. Sound Vib., Jl(2), pp 269-287 (Sept 22, 1982) 

22 refs 

Key Words: Substructuring methods, Iteration, Dynamic 
synthesis 

In the general substructure synthesis method for the dy- 
namic analysis of complex flexible structures developed 
earlier, the motion of each substructure is represented by 
e given number of substructure admissible functions and the 
otherwise disjoint wbstructures are connected together to 
form a whole structure by imposing approximate geometric 
compatibility conditions by means of weighted residuals. In 
this paper, a general procedure for improving the admissible 
functions representing each substructure in the synthesis 
is developed. The procedure is an iterative one and it leads 
to an improved eigensolution for the intermediate structure 
(i.e., a fictitious structure defined by the approximate 
compatibility conditions) where the improved eigensolution 
is obteined while always using the «me number of degrees 
of freedom to represent a given substructure. 

NUMERICAL METHODS 

83434 
An Eigenaohition Strategy for Large Syitenu 
E.L Wilson and T. Itoh 

Dept. of Civil Engrg., Univ. of California, Berkeley, 

CA 94720, Computers Struc. 16 M-4). pp 259-265 

(1983) 1 fig, Stablet., 12 refs 

Key Words: Numerical analysis. Natural frequencies, Mode 
shapes. Iteration 

A solution strategy is presented for the eveluation of fre- 
quencies and mode shapes for very large structure! systems. 
The subspece iteration method is modified to calculate the 
eigenpairs in groups neer different shift points. 

83-635 

Exploiting   the   Limiting Amplitude  Principle  to 
Numerically Solve Scattering Problems 
G.A. Kriegsmann 

Dept. of Engrg. Sciences and Appl. Mathematics, 

The Technological Inst., Northwestern Univ., Evans- 
ton, IL 60201, Wave Motion, J_ (4), pp 371-380 

(Oct 1982) 6 figs, 18 refs 

Key Words: Numerical analysis. Wave aquation, Wave diffrac- 
tion 

A numerical method for solving reduced wave equations is 
presented. The technique is basically a relaxation scheme 
which exploits the limiting amplitude principle. A modified 
rediation condition at infinity is also given. The method is 
tested on two model problems: the scattering of plane 
shallow water waves off shoals end the scattering of plane 
acoustic waves off a sound-soft cylinder imbedded between 
two homogeneous but different helf «Mces. The numericel 
solutions exhibit correct refractive and diffractive effects at 
moderate frequencies. 

83-636 
On Some Unconditionally Stable, Higher Order 
Methods for the Numerical Solution of the Struc- 
tural Dynamics Equations 
V.A. Dougalis and S.M. Serbin 
Mathematics Dept., Univ. of Tennessee, Knoxville. 
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TN, Intl. J. Numer. Methods Engrg., J8, (11), pp 
1613-1621   (Nov  1982) 2 figs, 3 tables, 13 refs 

K«y Wordf: Dyramlc itructural aiMlyiii, Numirieil intlyili 

Third- and fourth-ordtr Mcuran Nortttt nttonil ipproxi- 
mationi to th« mpontntii! and aMOciattd wml-impdclt 
Rungt-Kutta mathodi art uwd for tha oonitructlon of 
afflelant, aceurata and unconditionally mbla Khamat for 
tha dlraet numarical intagratlon of tha linaar, nonhomo- 
ganaout,  «acond-ordar aquatiom of  itructural dynamici. 

STATISTICAL METHODS 

83-639 
Analof Computer Siimilation of a Duffing Oacillator 
and Compariaon wtth Statiatical Linearaatbn 
A.R. Bulsara, K. Llndenberg, and K.E. Shuler 
Dept. of Chemistry, Univ. of California, San Diego, 
La Jolla, CA 92093, Intl. J. Nonlin. Mach., J7 (4), 
pp 237-253 (1982) 15 figs, 19 refs 

Kay Wordt: Analog Simulation, Statiitical llnaarlzation, 
Oicillatort 

Raiult« of an analog computer timulation of a Duffing 
oMillator; i.a., of a dampad anharmonic oiclllator with a 
cubic nonlinaarity drivan by Gaumian whita noiie, ara 
praiantad. Tha «imulationi war« performed for wide ranges 
of parameter values. Tha experimenteiiv obtained spectral 
densities ara compared with those obtained analytically 
using tha method of statistical linearization. 

83-637 
Itapoaae of a Muhidegrae-of-Fraedoni Syatem of 
Variable Coeffkienta to Random Excitation 
J. Szopa 
Z. angew. Math. Mech.. 62 (7). pp 321-328 (July 
1982) 17 figs, 11 refs 

Kay Words: Probability theory, Multidegree of freedom 
systems, Variable material properties. Random excitation 

This paper presents e method of determining probabilistic 
characteristics concerning the response of a muitidegree-of- 
freedom system with variable coefficients to random exci- 
tation. This method is based on tha application of a sto- 
chastic Volterra integral equation of tha second kind and 
not on the multidegree impulsive response (Green's function) 
difficult to calculate for this type of system. 

83-638 
The Exact Steady-State Solution of a Oaaa of Non- 
Linear Stochaalic Syatoma 
T.K. Caughey and F. Ma 
California Inst. of Tech., Pasadena, CA 91125, Intl. 
J. Nonlin. Mech., .17 (3), pp 137-142 (1982) 11 refs 

Kay Words: Nonlinear systems, Stochastic processes 

In this paper exect steady state solutions ara constructed 
for a class of nonlinear systems subjected to stochastic exci- 
tation. The results are then applied to both ciessicel end 
non-classical oscillator problems. 

83-640 
Statiatical Theory of Radiative Transfer in Layered 
Media 
G.I. Babkinand V.l. Klyatskin 
The Pacific Oceanological Inst., Academy of Sciences 
of  the  USSR,  Vladivostok, USSR, Wave Motion, 

.4 (4), pp 327-337 (Oct 1982) 9 figs, 14 refs 

Key Words: Wave propagation. Statistical enatysis. Layered 
materials. Random parameters 

An equation for probability density of weve intensity, taking 
into account absorption, is obtained using the invariant 
imbedding method. The limiting case when tha medium occu- 
pies a half-space is considered. The field intensity is found 
for the case of a source inside the medium. The conditions 
of applicebility of the lineer theory or radiative transfer are 
obtained. Numarical solutions of the equations corrav>onding 
to the statistical theory of radiative transfer in a layered 
medium with random Inhomogeneities ere discussed. 

83-641 
Experimental Inveatigation of a Random Repeated 
Impact Proceae 
LA. Wood and K.P. Byrne 
Engrg. Dept., General Motors -■ Holden's Limited, 
Port Melbourne, Victoria 3207, Australia, J. Sound 
Vib.,£§ (1), pp 53-69 (Nov 8, 1982) 12 figs, 1 tablp 
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Key Wordi: Impact ten». Random oxcltatlon, NOIM gtnara- 
tlon, WhMli, Balli, Surface roughnew, Probability denilty 
function, Normal dentity function! 

A simple random repeated impact procen it Inveitigated ex- 
perimentally. The proceu, which comiiti of e ball bouncing 
on a randomly vibrating lurface, it analogous to Ion of 
contact iltuationt which can occur in machinery end trans- 
portation lyitemi where e hard rolling element Nparatei 
from the rolling turfece. Experimental data it acquired end 
procened by using e digital data acquiiition lyitem end 
euocleted software. Results are obtained in the form of 
histograms which can be directly compared with the pre- 
dicted probebility density functions. 

PARAMETER IDENTIFICATION 

spectral density and fast Fourier transform ere used, the 
Input of the system being a white noise (Direc's Impulse). 

83444 
Improving Analytical Dynamic Modelt Uwig Fre- 
quency Reaponae Data: Application 
G.C. Hart and D.R. Martinez 

Sandia  Natl.   Labs,, Albuquerque, NM,  Rept.  No. 

SAND-82-0772C,   CONF-820527-2,  10  pp  (1982) 
(Pres. at the AIAA/ASME/ASCE/AHS Structures ■ 
Structural Dynamics Matls. Conf,, New Orleans, LA, 

May 9, 1982) 

DE82008216 

83-642 
Parameter Identification of a Structure with Com- 
bined Coulomb and Hyiteretic Damping 
M. Rades 

Polytechnic Inst., Bucharest, Romania, Rev. Rou- 
maine Sei. Tech., Mecanique Appl.,^7 (2), pp 299- 

308 (Mar/Apr 1982) 6 figs, 12 refs 

Key Words: Peremeter Identification technique. Coulomb 
friction, Hyiteretic damping 

A new technique, bated on the polar plot analysis of a single 
degree-of-freedom system with combined Coulomb end 
hyiteretic demping, is presented which allows the system 
dynamic parameters to be evaluated. 

83-643 
Structural Parametera Identification in the Frequency 
Domain for a White Noise Input 
M. DiPaola, V.F. Poterasu, and G. Muscolino 
Istituto  di   Scienza  delle  Costruzioni,  Facolta di 

Ingegneria, Universita di Palermo, Italy, Rev. Rou- 

maine Sei. Tech., Mecanique Appl., .22 (2), pp 237- 

245 (Mar/Apr 1982) 4 figs, 1 table, 11 refs 

Key Words: Peremeter identification technique, Frequency 
domain method. Power spectral density. Fast Fourier trans- 
form. Frames 

An identification method is given for the determination of 
the coefficients for a linear vibrating system with many 
degrees of freedom In the frequency domain. The power 

Key Words: Parameter identification technique. Frequency 
response function. Finite elment technique 

Results are presented from the successful application of a 
method to estimate physical parameters of an assumed form 
parametric (finite element) model. The method employs a 
form of the iterated extended Keimen filter for peremeter 
estimation with constraints Imposed In the form of relative 
and absolute bounds. Frequency response function date is 
used es the measurement Information. 

83-645 
AR MA   Models   for   Earthquake  Ground  Motions 
M.K. Chang, J.W. Kwiatkowski.and R.F. Nau 

Operations Res. Ctr., Univ. of California, Berkeley, 

CA, Intl. J. Earthquake Engrg. Struc. Dvnam.. 10 (5). 

pp 651-662 (Sept/Oct 1982) 3 figs, 19 refs 

Key Words: Earthquake simuletion, Peremeter Identification 
technique. Ground motion, ARMA (eutoregresslve/moving- 
averege) models 

This paper outlines the use of discrete, autoregressive/ 
moving-average (ARMA) models for identification and 
estimation of parameters in models derived from analysis 
of uniformly digitized earthquake ground motion accelere- 
tion data. Such models ere of equal generality as compared 
to continuous-time models and have e number of significant 
advantages for purposes of digital analysis and simulation. 
The structure of ARMA models is briefly described, their 
relation to continuous models noted, end results of their 
application to a number of recorded «ccelerograms sum- 
marlied. 
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83-646 
Dynamki of MIM Flow Rate and Preiwre in the 
System   Compowd   of   Nonlinear  Reiiilance and 
Vohiroe 
L. Varcop 
Res,  Inst. of Automation Means, Prague, Czecho- 
slovakia,  Strojnicky  Casopis, .22. W, pp 503-511 
(1982) 9 figs, 1 ret 
(In Czech) 

Key Wordi: Syittm Idtntlficatlon technique». Structure! 
membert, Beemi, Periodic excitetion 

Teit date were obtained for a typical ttructural component 
(a 2 m iteel beam) Mbjected to a fait wvept linuioldal exci- 
tation, and comparative frequency-domain rewlti obtained 
uiing daterminiitic and statiitlcal procedurei, A quentita- 
tive comperiton of reionant frequenclei end damping lou 
facton wai obtained by applying a curve-fitting technique 
to the complex mobility data. 

Key Wordi: System Identification techniques, Pneumatic 
ipringi 

Rewlti of en analyticel study of transient phenomena In a 
system composed of pneumatic resistence and volume ere 
presented. The nonlinear through-flow rate equation of the 
pneumatic resistance is taken into account. 

83-647 
Non-Parametric Methods of  System Identification 
P.E. Wellstead 
Control Systems Centre, Inst. of Science and Tech., 
Univ.  of Manchester,   UK,   Rept.  No. CONTROL 
SYSTEMS CENTRE-496, 57 pp (1982) 
PB82-221078 

Key Words: System identification techniques. Impulse 
response, Frequency response 

The non-parametric identification of systems in terms of 
unparametrizad representations, such as the impulse re«>onse 
and frequency response, is considered. Basic approaches 
are outlined In a retrospective setting as are the relationships 
between non-parametric and parametric Identification 
models. The article concludes with an assessment of non- 
parametric methods which is conducted in terms of typical 
Industrial applications. 

DESIGN TECHNIQUES 
(Also see Nos. 441,603) 

83-649 
Suboptimal Controller Design Using Frequency Do- 
main Constraints 
R.D. Hefner 
Ph.D.  Thesis,  Univ.  of California, 186 pp (1982) 
DA8219691 

Key Words: Control equipment. Design techniques. Fre- 
quency domain method 

This dissertation describes a method for designing e con- 
troller which Is robust with respect to trunceted flexible 
model The approach involves minimization of a performance 
index that combines standard linear regulator penalties with 
lobustness measures In the frequency domain. The fre- 
quency domain criteria are chosen so es to sufficiently 
attenuate the high frequency retponte of the full dynamic 
system while maintaining the overall performance of the 
closed-loop system. Several numerical examples are included 
to illustrate the features of the approach. The design tech- 
nique is found to produce stable designs with modest sacri- 
fices In performance. 

83448 
A Critical Aaaesment of Deterministic and Statistical 
Techniques for the Dynamic Identification of Struc- 
tural Systems Using a Fast Swept Sinusoidal Test 
Signal 
M.J. Lowrey 
Inst. of Sound and Vib. Res., Southampton Univ., 
UK, Rept. No. ISVR-TR-118, 62 pp (Sept 1981) 
PB82-253899 

83-650 
Second-Order Design Sensitivity Analysis of Me- 
chanical System Dynamics 
E.J. HaugandP.E. Ehle 

Univ. of Iowa, Iowa City, IA, Intl. J. Numer. Methods 

Engrg., Jl (11), pp 1699-1717 (Nov 1982) 7 figs, 

1 table, 5 refs 

Kay Words: Structural modification effects, Design tech- 
niques. Dynamic response, Machanicel systems 

Dependence of dynamic response of nonllneer mechanical 
systems on design variables Is enelyzed. An adjoint variable 
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mnhod It umö to derive fIrit- end lecond-order dtrivativfi 
of mMiurti of dyntmic retponie with r«K>*ct to deilgn virl- 
■bin. A computttlon«! algorithm It praianttd for numtrleal 
calculation of flrit and tacond datlgn darlvetlvai. A ilmple 
OKlllator example It solved analytically and by the adjoint 
variable method, with Identical reiult». 

83-653 
An Interactive Force System Syntheu Program for 
Dae with a Hoit Mechanian Dynamic Anaiyaii Pro- 
gram 
W.L. Carson and C.E. Lee 
Univ. of Missouri-Columbia, Columbia, MO, ASME 
Paper No. 82-DET-74 

83-651 
Producing Streia and Vibration Analyü Data for 
Engineering Design 
T.H. Richards 
Dept. of Mech. Engrg., The Univ. of Aston in Birm- 
ingham, UK, Engineering Research and Design -- 
Bridging the Gap, Instn. Mech. Engrs. Conf. Publ. 
1981-7, pp 59-66, C233/81, 5 figs, 1 table 

Key Word«: Computer programs, Mechanlimt 

An interactive computer program It described for structurally 
and dlmensionally synthesizing force systems to drive a 
mechanism to have a desired motion time response and 
input-output forces. The program can be used for any planar 
one-degree-of-freedom linkage. A mechanism dynamic 
analysis program is used as a host to generate pre- and post- 
synthesis data. 

Key Words: Vibration analysis. Computer-aided techniques. 
Design techniques, Rayleigh-Ritz method 

Factors Influencing the effective transfer of new and nearly 
new research Information into low/intermediate technology 
fields are discussed. It It suggested that the microcomputer 
Is a most affective vehicle for this purpose, providing e new 
lease of life to established Information to be incorporeted 
In tailor made CAD packages. Some examples are described 
which Illustrate that the Raylelgh-Rltz technique still base 
useful role to play in mechanical analysis even in these dsys 
of finite elements. 

83-654 
Vehicle Dynamics and Crash Dynamics with Mini- 
computer 
V. Giavotto, L. Puccinelli.and M. Borri 
Program   Development  and  Tech. Appliance   Ltd. 
SPAT, Alberata 401, Milano 2 Segrate, Italy, Com- 
puters Struc, 16.(1-4), pp 381-393 (1983) 18 figs, 
lOrefs 

COMPUTER PROGRAMS 

83452 
Dynamic Structural Analyses of a Spacecraft Using 
Experimental Modal Data 
A. Bertram and P. Conrad 
Deutsche Forschungs- und Versuchsanstalt fuer Luft 
und Raumfahrt e.V., Goettingen, Fed. Rep. Ger- 
many,   Rept.   No.   DFVLR-IB-232-81-C-06,   ESA- 
CR(P)-1510,96 pp (May 12,1981) 
N82-25317 

Key Words: Computer programs, Spacecraft, Modal analysis 

Application of software for modal coupling and configure- 
tlon change calculation to a complicated modular space- 
craft structure with typical interface connections and ap- 
pendages using data from structures already tested experi- 
mentally It summarised. Criteria for selecting the most 
su Kable mode sett for modal synthesis are established. 

Key Words: Computer programs. Collision research (auto- 
motive) 

This peper concerns the definition end the development of 
the VEDYAC system, which it e general purpose software 
for the simulation of the dynamics of roed accidents. The 
peper describes the main feetures of the VEDYAC project 
end thowt the results of significant simulations, with some 
evaluations   and   comparisons  with   experimental   results. 

83-655 
Subsonic Aerodynamic and Flutter Characteristics 
of Several Wings Calculated by the SOUSSA Pl.l 
Panel Method 
E.C. Yates, Jr., H.J. Cunningham, R.N. Desmarais, 
W.A. Silva, and B. Drobenko 
NASA Langley Res. Ctr., Hampton, VA, Rept. No. 
NASA-TM-84485, 21  pp (May 1982) (Pres. at the 
AIAA/ASME/ASCE/AHS 23rd Structures, Structural 
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Dynamics Matls, 
1982) 
N82-25216 

Conf.,  New  Orleans, May  10-12, Rapt. No. FOA-C-20440-D4(A3), 59 pp (Jan 1982) 
N82-25549 
(In Swedish) 

Key  Words:  Computer progremt, Aircreft wing«,  Flutter 

The SOUSSA (tteedy, oKillatory, and unsteady «ubionic 
and tuperionic aerodynamic») program it the computational 
implementation of a general potential flow analytit (by the 
Green's function method) that can generate pressure distribu- 
tions on complete aircraft having arbitrary shapes, motions 
and deformations. Some applications of the Initial release 
version of this program to several wings in steady and oscilla- 
tory motion, including flutter are presented. 

Key   Words:   Girders,   Shock   excitation, 
method. Computer programs 

Bernoulli-Eular 

The analytic solution for dynamically loaded girders IBern- 
oulll-Euler theory) is developed and a computer program 
is presented. Bending moment and shear streu distributions 
are expressed as time functions. The variable load consists 
of an overpressure phase followed by an underpressure phase 
for three typical conditions: simply supported girders, or 
maximum rigidity at one or at both supports. 

83-656 
A FORTRAN Program for Calculating Three Dirnen- 
■onal, Inviacid and Rotational Flows with Shock 
Waves m Axial Compressor Blade Rows: User's 
Manual 
W.T. Thompkins, Jr. 

Gas   Turbine and  Plasma   Dynamics   Lab.,   Massa- 

chusetts Inst. of Tech., Cambridge, MA, Rept. No. 

NASA-CR-3560,179 pp (June 1982) 

N82-26230 

Key Words: Computer programs. Compressor blades. Blades, 
Rotors, Shock waves 

A FORTRAN-IV computer program was developed for the 
calculation of the inviscid transonic/supersonic flow field 
in a fully three dimensional blade passage of an axial com- 
pressor rotor or stator. Rotors may have dampers (part span 
shrouds). MacCormack's explicit time marching method is 
used to solve the unsteady Euler equations on a finite dif- 
ference mesh. This technique captures shocks and smears 
them over several grid points. Input quantities are blade 
row geometry, operating conditions and thermodynamic 
quantities. Output quantities are three velocity compo- 
nents, density and internal energy at each mesh point. Other 
flow quantities are calculated from these variables. 

83-658 
Automated Stress Analysis of Mechanical Sheaves 
and Pulleys 
M. Saraph, A. Midha, and J.C. Wambold 

Dept. of  Engrg., Science and Mech., Pennsylvania 

State Univ., University Park, PA, Computers Mech. 

Engrg., J. (6), pp 35-42 (Oct 1982) 10 figs, 1 table, 

lOrefs 

Key Words: Computer programs. Design techniques. Stress 
analysis. Power transmission systems. Pulleys, Three-dimen- 
sional problems 

A general-purpose program, SAPIV, is described which can 
perform static and dynamic analyses of large 3-D problems 
and show the effects of varying design parameters. 

83-659 
On the Use of APES and BIGIF Programs in the 
Fracture Mechanics, Thermal Stress, and Fatigue 
Analyses of Gas Turbine Components 
K. Arin 
General Electric Co., Schenectady, NY, ASME Paper 
No. 82-GT-324 

83-657 
STEUL: Computer Program for Air Shock Wave 
Loaded Euler Girders (STEUL: Datormodell Foer 
Luftstoetvaagsbelastad Eulerbalk) 
I. Aaseborn and J.E. Jonasson 
Foersvarets Forskningsanstalt, Stockholm,  Sweden, 

Key Words: Computer programs. Shafts, Gas turbines. Frac- 
ture properties. Fatigue life 

The use of two computer programs, APES and BIGIF, which 
utilize the finite element and the boundary integral aquation 
methods of analysis, respectivelv, is discussed, and their 
application to problems associated with gas turbine compo- 
nents is demonstrated. 

92 



83-660 
Engine Dynamic Analyiii with General Nonlinear 
Finite-Element Codes, Part 1: Overall Approach 
and Development of Bearing Damper Element 
M.L. Adams, J. Padovan, and D.G. Fertis 
Univ. of Akron, Akron, OH 44325, J. Engrg. Power, 
Trans.  ASME, J04  (3), pp 586-593 (July  1982) 
13 figs, 12refs 

•tttic and dynamic analyii» of complex thrM-dlmsmional 
nructuret, li dtwrlbed. Thi» program li applicable to large 
structural retponie problem» involving bar», membrane», 
plate», »hell», and ax Symmetrie and three-dimemlonal »oiid», 
experiencing large diiplacemenu, finite »train», large rota- 
tion» and plaatic deformation. The theoretical bsiii of 
MAGNA and the numerical procedure» employed are de- 
»eribad in detail. 

Key Word»: Computer program». Finite element technique, 
Squeeze-film bearing», Squeeze-film damper». Aircraft 
engine», Turbine engine» 

There i» currently a con»iderable interett and level of activity 
in developing computational «chemet to predict generel 
engine dynamic behavior. Proper account of »yitem non- 
linearitiet (particularly at the bearing», damper» and rub») 
appear» to be nece»»ary if analytical prediction» are to be 
realiitic, The approach de»cribed in thi» paper »eektto make 
uae of already proven general finite-element nonlinear time- 
trandent computer code» which are available on the open 
market. The work »peclf icaily detcribed in thi» paper cover» 
the fir« phew of a three-phaw NASA-Lewi»-»poniored 
research grant on engine dynamic »imulation with available 
finite element code». 

GENERAL TOPICS 

TUTORIALSAND REVIEWS 
(See No». 480, 606) 

SBL.OGRAPHIES 
(Also sei No. 613) 

83-661 
MAGNA: A Finite Element Program for the Mate- 
rially and Geometrically Nonlinear Analysis of Thter- 
Dimenskmal   Stnictures  Subjected   to   Static   and 
Transient Loading 
R.A. Brockman 
Research Inst., Dayton Univ., OH, Rept. Nc  UDR- 
TR-81-148,   AFWAL-TR-81-3181,   624   pp    (Feb 
1982) 
AD-A116 541 

Key Word»: Computer programs, Finite element technique. 
Nonlinear theories 

The finite element program MAGNA (materially and geo- 
metrically nonlinear analysis), developed for the nonlinear 

83-662 
Vibrational analysis in Fluids. 1972 - August, 1982 
(Citations from the International Aerospace Ab- 
stract« Data Base) 
NTIS, Springfield, VA, 123 pp (Aug 1982) 
PB82-873134 

Key Words: Bibliographies, Fluids, Vibration analysis 

Thi» bibliography contain» citation» concerning analy»e» of 
vibrational, fatigue, stress, and mechanical responses of 
fluid systems through a range of applications. Experimental 
studies relative to various shapes and mechanisms working 
within fluid systems applicable to numerous fields are exam- 
ined. Specific data and procedures include applications in 
structural mechanics, aerodynamics, hydrodynamics, and 
hydraulics. 
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2 figs, 3 refs 

J. Mathew and R.J. Alfredson 
An Improved  Model for Predicting the Reflection 
of Acoustical Transients from Fibrous Absorptive 
Surfaces 
J. Sound Vib., 84 (2), pp 296-300 (Sept 22, 1982) 
3 figs, 5 refs 

N.G. Stephen 
Note on the Combined  Use of Ounkerley's and 
Southwell's Methods 
J. Sound Vib., .§21 (4), pp 585-587 (Aug 22, 1982) 
1 table, 2 refs 

D.G. Simmonds 
The Response of a Simple Pendulum with Newtonian 
Damping 
J. Sound Vib., SI (3), pp 453-461 (Get 8, 1982) 6 
figs, 3 tables, 2 refs 
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CALENDAR 

APRIL 1983 

18-20 Materiali Conference (ASME) Albany, NY (ASM£ 
Hqt.) 

18-21 institute of Environmental Sciences' 20th Annual 
Technical Meetinij [lES] Los Angeles, CA (IBS, 
940 £. Northwtf Highwy, Mount Protpact, IL 
60056   (312) 255-1561) 

19-21 Machinery Vibration Monitoring and Analysis 
Meeting [Vibration Institute) Houston, TX (Ron- 
ald L. Bthleman, Director, Vibration Inttituta, 
101 W. SSth St., Suite 206. Clarendon Hills, IL 
60514 ■ (3121 654-2354) 

21-22 14th Annual Modeling and Simulation Conference 
(Univ. of Pittsburgh] Pittsburgh, PA (William G. 
Vogt, Modeling and Simulation Conf., 348 Bane- 
dum Engineering Hall, Univ. of Pittsburgh, Pitts- 
burgh, PA 15261) 

MAY 1983 

9-13 Acoustical  Society   of America, Spring Meeting 
[ASA] Cincinnati, OH (ASA Hqs.) 

9-13 Symposium on Interaction of Non-Nuclear Muni- 
tions with Structures [U.S. Air Force] Colorado 
Springs, CO (Dr. CA. Ross, P.O. Box 1918, Eglin 
AFB, FL 32542 - (904) 822-S614) 

17-19 Fifth Metal Matrix Composites Technology Confer- 
ence (Office of the Undersecretary of Defense for 
Research and Engineering] Naval Surface Weapons 
Center, Silver Spring, MD (MMCIAC - Kaman 
Tempo, P.O. Drawer QQ, Santa Barbara, CA 
93102 - (80S) 963-6455/6497) 

JUNE 1983 

6-10 Passenger Car Meeting [SAE] Dearborn, Ml (SAE 
Hqs.) 

20-22 Applied Mechanics, Bioengineering & Fluids Engi- 
neering Conference [ASME] Houston, TX (ASME 
Hqs.) 

JULY 1983 

11-13       13th Intersociety Conference on  Environmental 
Systems [SAE]   San Francisco, CA (SAE Hqt.) 

AUGUST 1983 

8-11 Computer  Engineering Conferences and Exhibit 
[ASME] Chicago, IL (ASMEHqt.) 

8-11 West   Coast   international   Meeting   [SAE]   Van- 
couver, B.C. (SS.E Hqs.) 

SEPTEMBER 1983 

11-13 Petroleum Workshop and Conference (ASME) 
Tulsa, OK (ASME Hqs.) 

11-14 Design Engineering Technical Conference [ASME] 
Dearborn, Mi (ASME Hqs.) 

12-15 international Off-Highway Meeting & Exposition 
[SAE] Milwaukee, Wl (SAE Hqs.) 

14-16 international Symposium on Structural Crashwor- 
thinen [University of Liverpool] Liverpool, UK 
(Prof. Norman Jonas, Dept. of Meeh. Engrg., The 
Univ. of Liverpool. P.O. Box 147, Liverpool L69 
3BX, England) 

25-29 Power Generation Conference [ASME] Indianapo- 
lis, IN MSM£ Hfl«./ 

OCTOBER 1983 

17-19 Stapp Car Crash Conference [SAE] San Diego, CA 
(SAE Hqs.) 

17-20 Lubrication Conference [ASME] Hartford, CT 
(ASME Hqs.) 

18-20 54th Shock and Vibration Symposium [Shock and 
Vibration Information Center, Washington, DC] 
Pasadena, CA (Mr. Henry C Pusey, Director. SVIC. 
Naval Research Lab., Coda 5804. Washington. DC 
20376) 

NOVEMBER 1983  

6-10 Truck Meeting and Exposition [SAE] Cleveland, 
OH (SAE Hqt.) 

7-11 Acoustical Society of America, Fall Meeting 
[ASA] San Diego, CA (ASA Hqt.) 

13-18 American Society of Mechanical Engineers, Winter 
Annual Meeting [ASME] Boston, MA (ASME 
Hqt.) 
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CALENDAR ACRONYM DEFINITIONS AND ADDRESSES OP SOCIETY HEADQUARTERS 

AFIPS: American Federation of Information 
Procewing Societies 
210 Summit Ave,, Montvale, NJ 07645 

AGMA: American Gear Manufacturer! Association 
1330 Mass Ave., N.W. 
Washington, D.C. 

AHS: American Helicopter Society 
132518St. N.W. 
Washington. O.C. 20036 

Al AA: American I nstitute of Aeronautics and 
Astronautics, 1290 Sixth Ava. 
New York, NY 10019 

AlChE: American Institute of Chemical Engineers 
345 E. 47th St. 
New York, NY 10017 

AREA: American Railway Engineering Association 
59 E. Van Buren St. 
Chicago, IL 60605 

ARPA: Advanced Research Projects Agency 

ASA. Acoustical Society of America 
335 E. 45th St. 
New York, NY 10017 

ASCE: American Society of Civil Engineers 
345 E. 45th St. 
New York, NY 10017 

ASME: American   Society  of  Mechanical   Engineers 
345 E. 45th St. 
New York, NY 10017 

ASNT: American Society for Nondestructive Testing 
914 Chicago Ava. 
Evanston, IL60202 

ASQC: American Society for Quality Control 
161 W. Wisconsin Ave. 
Milwaukee, Wl 53203 

ASTM: American Society for Testing and Materials 
1916 Race St. 
Philadelphia, PA 19103 

CCCAM:      Chairman,c/o Dept. ME, Univ. Toronto, 
Toronto 5, Ontario, Canada 

ICF: International Congress on Fracture 
Tohoku Univ. 
Sendai, Japan 

IEEE: Institute of Electrical and Electronics 
Engineers 
345 E. 47th St. 
New York, NY 10017 

IES: Institute of Environmental Sciences 
940 E. Northwest Highway 
Mt. Prospect, IL 60056 

IFToMM:      International Federation for Theory of 
Machines and Mechanisms 
U.S. Council for TMM 
c/o Univ. Mass., Oept. ME 
Amherst, MA 01002 

INCE: Institute of Noise Control Engineering 
P.O. Box 3206, Arlington Branch 
Poughkeepsie, NY 12603 

ISA: I nstrument Society of America 
400 Stanwix St. 
Pittsburgh, PA 15222 

ONR: Office of Naval Research 
Code 40084, Oept. Navy 
Arlington, VA 22217 

SAE: Society of Automotive Engineers 
400 Commonwealth Drive 
Warrendale, PA 15096 

SEE: Society of Environmental Engineers 
Owles Hall, Buntingford, Herts. 
SG9 9PL, England 

SESA: Society for Experimental Stress Analysis 
21 Bridge Sq. 
Westport, CT 06880 

SNAME:       Society of Naval Architects and Marine 
Engineers 
74 Trinity PI. 
New York, NY 10006 

SPE: Society of Petroleum Engineers 
6200 N. Central Expressway 
Dallas, TX 75206 

SVIC; Shock and Vibration I nformation Center 
Naval Research Lab., Code 5804 
Washington,O.C. 20375 

URSI-USNC: International Union of Radio Science - 
U.S. National Committee 
c/o MIT Lincoln Lab. 
Lexington, MA 02173 

•o.s. son ! mmm orrioi ■ is»? a.5U-)!4/«o; 
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